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Preface 


The United States Army Engineer Waterways Experiment Station (WES) 
was tasked by die United States Army Environmental Cotter (AEC) to per¬ 
form She Characterization and Analysis Penetrometer System (SCAPS) she 
investigations at designated locations widiin the United States Army Fort Dix, 
New Jersey. 

The AEC program called for die WES to conduct SCAPS field investiga¬ 
tions using penetrometo’-based sensors and sanqilers as screening-4evel tools 
in evaluating the level of contamination at areas widiin Fort Dix, designated 
by die AEC. The areas selected for investigation were suspected to contain 
subsurface contamination from petroleum, oil, and lubricants (POL). The 
SCAPS field investigations were conducted during die periods of 22 October 
through 8 December 1992, and 11 January dirough 13 February 1993. The 
AEC Project Officer was CPT Ronald N. Light. The Fort Dix Directorate of 
Public Works (DPW) Environmental and Nittural Resources Branch Project 
Coordinators were Ms. Christine Dietrick and Ms. Ann Hawdiome. 

The SCAPS field investigations wo’e conducted by Messrs. Landris T. 

Lee, Jr., Karl F. Konecny, Donald H. Douglas (Geotechnical Laboratory); 
Donald Harris (Engineering and Construction Sovices Division); and Jeff F. 
Powell and Paul C. Dew (Instrumratation Services Division). Data process¬ 
ing, site mapping, and data visualization support personnel included 
Ms. Amy M. Chrestman (Geotedinical Laboratory), Mr. Raju Kala and 
Mr. J. D. Overton (Hilton Systems, Inc.). 

Report prqiaration was done by Mr. Landris T. Lee, Jr., Ms. Amy M. 
Chrestman, Mr. Jeff F. Powell, Dr. Philip G. Malone (Structures Labora¬ 
tory), and Mr. Donald H. Douglas. Sample analyses were performed by the 
Environmental Chemistry Branch, WES. Ms. Ann Strong supervised the 
analytical effort. The analysts indude Mr. Richard Kara and Ms. Allyson 
Lynch (American Science International Corporation). Mineral x-ray diffrac¬ 
tion analysis was accomplished by Mr. Jerry P. Burkes (Structures Labora¬ 
tory). Mineral petrographic examination was acconq)iisbed by Mr. Danny 
Harrelson (Geotedinical Laboratory). 

The project was supervised by Mr. Joseph R. Curro, Jr., Chief, Engineer¬ 
ing Geophysics Branch, Mr. Mark Vispi, Chief, In Situ Evaluation Branch, 
Dr. A. G. Franklin, Chief, Eardiquake Enginemng and Geosciences Division, 




and Dr. W. F. Marcuson m. Director, Geotechnical Laboratory. The project 
was under the Environmental L^ratory management of Mr. J(^ H. 

Ballard, Dr. Jerome L. Mahloch (Program Manager), and Dr. John Harrison 
(Director). 

At the time of publication of diis i^wrt. Director of WES was 
Dr. Robert W. Whalin. Commando' was COL Bruce K. Howard, EN. 



Conversion Factors, 
Non-SI to SI Units of 
Measurement 


Non-SI units of measurement used in this document can be converted to SI 
units as follows: 
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1 Introduction 


Overview 


The United States Anny Environmental Center (AEC), ^nsored the 
United States Army Engineer Waterways Experiment Station (WES) to per¬ 
form she characterization and screening activities at designated areas within 
die United States Army Training Center and Fort Dix (Fort Dix), New Josey. 
Fort Dix is located in central New Jersey, within Burlington and Ocean Coun¬ 
ties (Figure 1). 

The Site Characterization and Analysis Penetrometo' System (SCAPS) was 
deployed at Fort Dix from 22 October to 8 Deconber 1992, and from 11 Jan¬ 
uary to 13 February 1993. The total time on-site was 12 weeks, and 321 sub¬ 
surface penetrations (285 for sensing and 36 for verification sampling) were 
made during this time (some to a depth over SO ft). The investigations were 
conducted on 13 sites witiiin Fort Dix as directed by the AEC Base Closure 
Division and the Fort Dix Directorate of Public Works (DPW). 


Objective 

The tirst objective of this task was to detect the presence and determine die 
iqiproximate extent of petroleum, oil, and lubricant (POL) products suspected 
of contaminating die soil and groundwater under selected areas within ^ea 
sites at Fort Dix. To acconqilish the task, the SCAPS unit was directed to 
sites widi either suspected or known POL contamination based on previous 
environmental studies conducted for Fort Dix and/or historical records of 
spills or leaks. The SCAPS data collected during die site investigations will 
assist ongoing and future planning operations directed toward site remediation 
efforts. 

A second objective was to continue die demonstration phase of the SCAI^ 
research and development effort. Further evaluation of the system capabUities 
and the identification of needed refinements to the existing SCAPS system 
were idratified as goals in pursuing diis field effort. 
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CiMptsr 1 Introduction 


Rgure 1. Site map showing location of Fort Dix, New Jersey 














2 Site Description 


Fort Dix History 

The U.S. Army installation at Fort Dix is located in central New Jersey. 

It is situated on approximatdy 32,000 acres, 16 mile southeast of Troiton, 
New Jersey and 32 mile nordieast of Hiiladelphia, Pennsylvania. The installa¬ 
tion is bounded on the northeast by McGuire Air Force Base and Wrights- 
town. New Jersey; on the east by Lakdmrst Naval Air Station; on die soudi 
by Browns MUis and Pemberton, New Josey; and on die west by farming 
country within Burlington County, New Jersey. The installation is located 
approximately at 40‘*0r N; 74°S2* W. The area is gridded by die Transverse 
Mercator New Jersey State Plane Coordinate System. 

Fort Dix was initially designated as Camp Dix during World War I and 
served as a cantonment area and training post for troops vdio fought in that 
war. The post served as a recqition, discharge, and rqilacement center for 
die Civilian Conservation Corps from 1933 to 1939. Camp Dix became a 
permanent Army installation its name was changed to Fort Dix in 1939. 
During World War II, it served as a recqition and training center. From 
1947 to 1956, two divisions occupied Fort Dix; the 9di Division from 1947 to 
1954, and the 69th Division from 1954 to 1956. In 1956 Fort Dix was offi¬ 
cially named the United States Army Training Center and Fort Dix, and its 
mission did not change from 1956 until 1991. 

Fort Dix began realignment in 1991 from the U.S. Army Training and 
Doctrine Command (TRADOC) to the U.S. Army Forces Command 
(FORSCOM). As of October 1992, FORSCOM became die major command 
at Fort Dix. 


Site Investigations 

Several studies have been published on the environmental effects of opera¬ 
tions at Fort Dix. The significant studies are listed below in chronologic 
order. 
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a. R^rts on pesticide distribution and monitoring wo'e completed by the 
U.S. Army Environmental Hygiene Agency (USAEHA) in 1975 and 
1985 (USAEHA 1975, 1985). 

b. Installation Assessment of Fort Dix (BOMARC Site), was con 4 >leted by 
the U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) 
in 1977. This publication describes the results of a records search 
conducted on Fort Dix to estimate possible contamination by chemical, 
biological, and radiological materi^ and to assess the possibility of 
contaminant migration beyond the installation boundary (USATHAMA 
1977). 

c. A rqport was prepared by Iffland, Kavanaugh, Waterbury, P.C. (IKW) 
on groundwater testing results at three locations on Fort Dix: the Golf 
Course Area, Transportation Motor Pool, and the area north of Dog¬ 
wood Lake (IKW 1985). 

d. An Environmental Noise Assessment for Fort Dix was completed by 
USAEHA in 1986 (USAEHA 1986). 

e. A Remedial Investigation/Feasibility Study was performed for the Fort 
Dix Sanitary Landfill by Camp, Dresser, and McKee, Inc. (CDM 
1986). 

/ A Preliminary Assessment/Site Investigation of environmental condi¬ 
tions at Fort Due was conducted by EA Engineering, Science, and 
Technology, Inc. (EA), under contract to USATHAMA. The rqport 
includes results from soil and groundwater investigations at 16 sites and 
geophysical surveys at four other sites (EA 1989). 

g. A Remedial Investigation rqwrt was done by Dames and Moore, unda* 
contract to USATHAMA. The Remedial Investigation Phase I was 
conducted at 15 sites and Phase II was conducted at 9 sites. The pur¬ 
pose of the Remedial Investigation was to determine the nature and 
extent of water, soil, and sediment contamination caused by past opera¬ 
tions at the studied sites, to evaluate the contaminant migration poten¬ 
tial, and to assess risks to public health and the environment posed by 
contamination (Dames and Moore 1991). 

h. Roy F. Weston, Inc. prq)ared an Enhanced Preliminary Assessment in 
March 1992, u^er contract to USATHAMA. This study idmtified 
42 areas at Fort Dix requiring environmental evaluation (USATHAMA 
1992). 

i. ICF Kaiser Engineers, Inc. is under contract to AEC to conduct an 
Environmental Investigation/Altematives Analysis (EI/AA) for 19 areas 
identified in the Weston Preliminary Assessment. These sites are classi¬ 
fied as Areas Requiring Environmental Evaluation (AREEs), and a draft 
work plan for conducting the EI/AA has been submitted to AEC (ICF 
Kaiser 1992). 
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Tlie SCAPS field investigation sites coincide widi several of die AREE’s 
identified. All thirteen investigation sites (among others) are listed in the 
USATHAMA (1992) and ICF Kaiser (1992)reports Qtons h and 0* Informa¬ 
tion from previous studies conducted by several of the above sources has been 
incorporate into this report. 


Site Features 

Physiography and topography 

Fort Dix is located within Burlington and Ocean (bounties, in soudieastem 
New Jersey, in an area diat is largely agricultural and lightly peculated. Most 
of the land immediately west of Fort Dix is fanned, and most of the land to 
the east is forested. Burlington and Ocean Counties are within die nordiem 
Adantic Coastal Plain physiograi^ic province. The Adantic Coastal Plain is 
characterized by flat to gendy rolling topogr^hy. Elevation above mean sea 
level (MSL) changes from 170 ft in the northwest area of Fort Dix to 70 ft in 
the southeast area. The higho* areas to the nordiwest are more arable and 
drier than the lower areas in the southeast. 


Climate 

The Fort Dix area has moderate temperatures, precipitation, and wind 
speeds. Average annual temperature in the area is 54”F, based on weather 
data from McGuire Air Force Base adjacent to Fort Dix. January, die coldest 
month, has an average temperature of 31 *F. Average annual precipitation in 
the area is 44 in. and is fairly well distributed dirougbout die year. Wind 
speeds in the area average approximately 7 mph, and die prevailing direction 
is from the south during the summer mondis and the west/northwest during 
winter (ICF Kaiser 1992). 


Geology 

Fort Dix is located ^proximately IS miles east of the Fall Line ndiidi 
sqiarates the Piedmont a^ Ckiastal Plain physiogr^hic provinces. The Fall 
Line rqiresents the boundary on the surfa^ where the edge of the wedge of 
sedimentary strata of die Coastal Plain meets the crystalline rocks of die Pied¬ 
mont physiogr^hic province. In the subsurface, die thickness of the sedi¬ 
ments increases to the east and both the sedimentary strata and the igneous 
basement rock dip to the southeast (Figure 2). Approximate depth to die 
crystalline rock under the Fort Dix area is 1,0(X) ft (ICF Kaiser 1992). 

The present penetrometer-based investigation was designed to locate shal¬ 
low (60 ft or less dqith) contamination in the soils and surficial geologic 
units. A geologic nuqi of a portion of the Fort Dix area is presented in Fig¬ 
ure 3. There are small areas underlain by the Quaternary C^iqie May, 
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General geologic cross section of New Jersey (from ICF Kaiser 1992) 
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Figure 3. Geologic map of Fort Dix 







Pensauken, and Bridgeton Formations (Pleistocene in age). These units are 
found only as thin patchy dqrasits cs^ping some hills and stream divides. 

Most of the Fort Dix area is underlain area by die unconsolidated Tertiary 
units including the Cfohansey Sand (Miocene or Pliocene in age) and the Kirk¬ 
wood Formation (Miocene in age). The Tertiary units genially strike 70° to 
80° east and dip to the southeast at 10 to 20 ft/mile. Small areas to the 
extrmne westom end of the installation are underlain by the Manasquan For¬ 
mation (Eocene in age) and the Vincentown Formation (Paleocene in age). A 
very small area in the cmitor part of the northern boundary is underlain by the 
Manasquan Formation. Ninety percent of all die area of Fort Dix is underlain 
by the Cohansey Sand and the iUrkwood Formation. All of the areas studied 
in this investigation were underlain by the Cohansey Sand. 

The Cohansey Sand is a medium-to-coarse grained, p^bly, unconsolidated 
quartz sand. The unit varies in color from li^t-grey to yellow-brown. The 
unit typically contains mica and ilmenite and may b^me locally clayey. The 
Cohansey Sand is classed as a deltaic sand deposit with thin, discontinuous 
sections of laminat«xl clays. It can be up to 40 ft thick in this area and is 
highly permeable. 

The Cohansey Sand is underlain by the Kirkwood Formation, a light grey- 
to-dark brown, ^e-to-very fine-grained quartz sand and silt. The formation 
contains some mica, clay, and traces of lignitic mato^ial. The Kirkwood 
Formation is divided into two units—an upp^ unit composed of very light 
grey to light yellow orange, very fine to ^e-grained sand and a lower unit 
that is a brownish-black, clayey-silt to very fine grained, micaceous quartz 
sand. The Kirkwood Formation can be from 20 to 100 ft thick in eastmi 
New Jersey. 

The Kirkwood Formation is underlain by the Manasquan Formation, a 
green, glauconitic marl with some quartz sand. The Manasquan Formation is 
approximately 40 ft (ranging from 10 to 175 ft) thick and overlies the Vince- 
town Formation a yellow-to-olive quartz, carbonate and glauconite-rich sand 
at the top and a dark grey, poorly sorted, glauconitic, fossiliferous quartz sand 
at the bottom. The Vincetown Formation is ^proximately 40 ft thick and 
overlies the Homerstown Sand, a dark green clayey, glauconitic sand. The 
Homerstown Sand is the lowest Tertiary unit and rests unconformably on the 
Cretaceous Redbank and Navasink Formations. 

The Cretaceous formations at Fort Dix beginning with the youngest units 
are the Redbank and Navasink Formations and the Mt. Laurel Sand. These 
are all poorly sorted clayey sands with some glauconite. Underlying these 
units are the Wenonah Formation, the Englishtown Sand, the Woodbury Clay, 
and the Merchantville Clay; clayey-silt, quartz sand, and clay are present in 
all units. The lowomost Cretaceous unit is the Magothy-Raritan Formation 
which is a medium to coarse sand with interbedded clay units (Owens and 
Minard 1960). 
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Hydrogeology 

There are two major aquifer systems under Fort Dix-tbe Kirkwood- 
Cohansey Aquifer and the Raritan-Magothy Aquifer. The upper flow regime 
includes the Cohansey and Kirkwood Formations and extends to approxi¬ 
mately SO it below ground surface. The Raritan-Magothy Aquifer system is 
the lower regime of the two aquifer systems and is at least 300 ft below the 
surface at Fort Dix. The layers sq)arating the upper and loww flow regimes 
consist of the Manasquan, Vincentown, Homerstown, Red Bank, and 
Navesink Formations. These sedimentary units function as confining layers 
and separate the upper and lower aquifer systems. Only a small percentage of 
groundwater that infiltrates through the upper flow regime entm die deq^er 
flow regime. Groundwater in the upper r^ime follows local flow lines from 
areas of inflltration discharges into local streams. 

The Cohansey Sand and the underlying Kirkwood Formation act as one 
aquifer that is hydrologically continuous. This system functions as the phre¬ 
atic aquifer at the site. The Cohansey Sand has a thickness that ranges from 
18 to 40 ft. The coefficient of permeability of this unit ranges from 1.8 x Ifr’ 
to 6.1 X Ifr’ cm/s, and the transmissivity ranges from 1.1 x Ifr’ to 7.3 x Ifr 
^ ft^/s. The total thickness of the Kirkwood Formation ranges from 20 to 
SI ft at the site, and its coefficient of permeability ranges from 2.76 x 10^ to 
9.91 X 10^ cm/s. The transmissivity ranges from 1.28 x Ifr’ to 5.19 x Ifr 
* ft*/s (Camp, Dresser, and McKee (CDM) 1986). 

The area within Fort Dix is suiface-drained by several perennial and inter¬ 
mittent tributaries of Crosswicks Creek and the North Branch of Rancocas 
Creek. Crosswicks Creek and Rancocas Creek both flow into the Delaware 
River. Total length of stream channels within the installation is estimated to 
be S4 miles. Many of the streams are bordered by wetland areas, indicating 
relatively shallow d^ths to groundwater. Several ponds and lakes are also 
present within the installation, ranging in surface area from one acre (Gen¬ 
eral’s Pond) to 40 acres (Brindle Lake) (ICF Kaiser 1992). 

The Kirkwood-Cohansey Aquifer is an important water resource because 
while it furnishes only minor domestic well production, it is the source of the 
groundwater feeding into the local surface drainage. In the lowland areas at 
Fort Dix, water from the Kirkwood-Cohansey Aquifer feeds into Rancocas 
Creek and the Mullica and Bass Rivers. Additionally, there is some move¬ 
ment of groundwater through the Manasquan Formation into the coarse sands 
in the deeper Mt. Laurel and Wenonah Formations due to gradients produced 
by local water supply pumping. The groundwater under Fort Dix is classified 
as class I Pinelands, regulated by the New Jersey Pinelands Commission, as 
defined by the Pinelands Protection Act of 1979. The acceptable level of 
organic contamination (other than natural) in the groundwater is zero (ICF 
Kaiser 1992). 
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3 Investigation Equipment and 
Procedures 


General 

The field investigation conducted at Fort Dix used the Site Characterization 
and Analysis Penetrometer System (SCAPS). The SCAPS system incorpo¬ 
rates surface geophysical methods, surveying and mapping methods, special 
penetrometers with sensors for contaminant detection, and subsurface sam¬ 
pling equipment to map soil characteristics and contaminant distribution. 

The core of the SCAPS is a penetrometer unit mounted in a specially 
engineered 20-ton truck designed with protected work spaces to ^low access 
to toxic and hazardous waste sites while minimizing exposure of the work 
crew inside (Figure 4). The penetrometer, in addition to providing classical 
geotechnical engineering information such as soil strength, is equipped with 
sensors that can measure other physical and chemical characteristics of the soil 
as the penetrometer tip is forced through the soil. 

The SCAPS penetrometer includes discrete sensors that enable determina¬ 
tion of soil classification and stratigraphy, soil electrical resistivity, and soil 
fluorescence spectral characteristics. The on-board data acquisition system 
permits real-time data collection and near real-time data processing and inter¬ 
pretation of sensor data as site screening proceeds. The database may then be 
combined with the site survey information for further analysis and interpreta¬ 
tion, including three-dimensional visualization of soil characteristics and fluo¬ 
rescence intensity distribution. Discussions of the system capabilities and 
limitations are listed further in the body of this report. 


Field Operations 

In general, the following procedure was established for investigating each 
of the sites the SCAPS unit visited at Fort Dix. Each procedure is discussed 
in further detail in the body of this report; the following section provides an 
overview of the general methodology for field operations. The detailed 
description of the SCAPS components follow the Field Operations section; the 
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Figure 4. Photograph of the penetrometer truck and grouting trailer 







description of the components also includes site-specific (Fort Dix) considw- 
ations as necessary. 

A visual survey of each site was performed and an ^proximate location 
for each planned pmietration was determined based on such factors as proxim¬ 
ity to suspected POL contaminant sources, anticipated groundwater flow 
patterns, suspected underground obstacles, cultural features, topography vari¬ 
ations, and mobility limitations. 

A survey to locate underground utilities and underground obstacles was 
conducted at each site. This effort was necessary to prevent damage to the 
penetrometer, ensure crew safety, and to prevent damage to utilities. Many of 
the sites visited contained a variety of undwground utilities such as telq>hone 
cables, gas lines, dectrical power cables, water pipes, sanitary sewer lines, 
drainage pipes, and steam lines. 

Calibration for die soil strength measurements were typically made when 
the probe was installed in the truck, prior to field work. Calibration proce¬ 
dures are detailed further in this report. Typically, no further calibration was 
required for soil strength transducers unless matic readings were noted. 

At the start of a soil penetration, the SCAPS truck was positioned over a 
push point location, and the laso' fluorometry system was referenced to a 
fluorescence standard prior to penetration (described in a later section of this 
r^rt). The cone penetrometer was then advanced into the soil at a rate of 
2 cm/s. As the penetrometer advanced, the sensors collected soil strengdi and 
spectral information as a function of dqith. The data acquisition system 
stored the raw data as die penetrometer advanced, and the data were partially 
processed and displayed on a computer monitor in real-time. At the required 
penetration dqith, the penetrometer advance was halted, and prq;>arations were 
begun to retract the penetrometer. 

As the penetrometer was retracted, a hot water/steam-cleaning system was 
used to wash each rod section. Steam cleaning removed possible contamina¬ 
tion from the rod. The decontamination cleaning water was collected in a 
steel drum for ofT-site disposal. A grout mixture was placed into the hole left 
by the penetrometer. The grout was used to seal the hole to prevent cross¬ 
contamination within the soil layers. 

Upon completion of retraction, the laser fluorometry system was again 
referenced to the fluorescence standard. The Soil Classification Number 
(SCN) and fluorometry results were then plotted as a function of dqidi. 

The truck was positioned over the next push point location and the above 
steps were rqieated. The details describing the above procedures are detailed 
in a later section of this rqiort. Decisions for subsequent push point locations 
were based on the factors mentioned above and on any perceived gradient in 
the data collected at die site. The contaminant concentration visualization data 
were later processed and plotted to produce a three-dimensional di^lay of the 
plume for sites udiere fluorescence patterns were noted. 
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Buried Obstacle Detection 


Each site contained buried utilities and underground obstacles. Utility 
maps wtf e provided by the DPW, and limited utility tracing was performed 
by the Public Utility (Gas) Company, but the requirement to detect, locate, 
and avoid underground utilities was largely a SCAPS crew responsibility. 

Two methods of buried utility and obstacle detection were employed at Fort 
Dix. These methods usually complemented each othn*. The first method 
utilized electromagnetic induction with a Geonics EM-Sl™ Terrain Conductiv¬ 
ity Meter (Geonics, Ltd., Mississauga, Ontario), and the second method used 
electromagnetic detection with a Radiodetection RIMOO™ Pipe and Cable 
Locator (Radiodetection Corp., Mahwah, New J»sey). 

The Geonics EM-Sl"* instrument uses the in-phase component of an 
induced electromagn^c field produced by a transmitter coil energized with an 
alternating current. A receiver coil senses the generated magnetic field. The 
instrument is approximately 12 ft long and is most useful in detecting large 
metallic objects. It can detect a S5-gal metal drum at a dq)th of approxi¬ 
mately 12 ft. The instrument displays a weighted average of the earth’s 
conductivity as a function of depth. The instrument is influenced by above¬ 
ground objects such as metal buildings and fences, and overhead power lines. 
Its use was limited to areas without such above-ground features. The instru¬ 
ment does not have sufficient resolution to accurately locate small buried 
objects and small utility lines. 

The Radiodetection RIMOO" instrument consists of two units; a receiver 
that detects the magnetic field resulting from an electric current flow on a 
buried cable or pipe, and a transmitter that emits either an 8 or 33kHz radio 
signal that can be coupled to the cable or pipe. Four diffo’ent types of current 
flow (signals) may be located-(a) a power signal radiated from electric power 
cables; (b) a radio signal originating from distant very low frequency radio 
transmitters, which penetrates soil and is ro’adiated by buried lines; (c) an 
8kHz signal applied to a buried line by the RD40(r' transmitter (a separate 
unit); (d) a 331^ signal applied to a buried line by the RIMOO™ transmitter. 
The Radiodetection RIMOfT' was used exclusively to track buried utilities 
because the major areas of investigation were cluttered with structures, fences 
and power lines that made the Geonics EM-31"' behave oraticaily. 


Site Mapping Techniques 

The location of penetrometer push pomts is normally accomplished using a 
total station electronic distance measuring system (ED^^ that is designed to be 
accurate to within 0.05 ft per mile (10 cm per km). The site mapping work at 
Fort Dix was done with an EDM unit equipped with an electronic notebook to 
permit data transfer to the microcomputers in the SCAPS truck. 
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Established survey monuments within Fort Dix served as control points for 
determining penetromet^ push point coordinates and elevations. Closed- 
traverse surveying ensured point location accuracy. All coordinates given in 
this r^rt are referenced to the New Jersey State Plane (Transverse Me’cator) 
Coordinate System. Site m^s used in this r^rt were generated at the WES 
by computer digitizing sdect^ Fort Dix site construction bluq)rints and over¬ 
laying cultural features, updated building information, and penetrometer push 
point coordinates. 


Soil Classification 

Soil classification methods are discussed in this section. A sectional view 
of a penetrometer equipped to measure soil strength and fluorescence spectral 
characteristics is shown in Figure S. The point load cell is loaded in compres¬ 
sion as the cone tip is advanced. The friction sleeve load cell is in the form 
of a hollow cylinder that is strain gauged on its outer surface, and measures 
frictional force developed on a freely sliding out^ sleeve positioned just 
bdiind the conical tip element. The cell surrounds the tip load cell and is also 
loaded in compression when soil friction acts on the friction sleeve which 
forms the distal end of the probe. The design employed in diis soil strength 
unit allows the tip penetration resistance and sleeve friction to be measured 
indq)endeotly and continuously. 

Two calibration procedures were used with the cone employed in this 
investigation so that separate calibration curves could be developed for the two 
load cells. The point resistance load cell was calibrated by cycling the load 
from zero load to iq)proximately 16,000 psi and back to zero load several 
times. The cell was then loaded to selected load increments and back to zero. 
The load cell output was read for each load increment applied. The zero load 
conditions at the beginning and end of each loading increment were noted and 
care was taken to see that the unit returned to zero. The load increments were 
increased until the compressive force reached the maximum capacity of the 
cell. The friction sleeve load cell was calibrated in a similar way. Figure 6 
shows typical calibration curves obtained for a strain-gaged penetrometer 
instrument. Each load cell was calibrated independently, but the ouq)ut of 
each cell was measured as the calibration proceeded so that any influence of 
one cdl on the output of the other could be determined. Typically neither cdl 
showed any influence on the other. Calibrations typically have a high uegree 
of repeatability; test responses were generally within 0.5 percent of the previ¬ 
ous test responses. 

Techniques for using the soil strength measurements (cone tip and sleeve 
friction) mkle with the cone penetrometer to determine soil type have been 
well-<locumented (Campanella and Robertson 1982, Olsen and Farr 1986, 
Olsen 1988). The classification scheme used by the SCAPS system was 
devised by Olsen (1988) to identify the types of soils penetrat^. The chart 
used in the soil classification scheme is shown in Figure 7. The basic premise 
is that soil types can be identified by the combinations of corrected values of 
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Figure 5. Sectional view of penetrometer equipped to measure soil strength 
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Figure 6. Calibration curve for the strain-gauged penetrometer cone and 
friction sleeve 
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Figure 7. Soil classification chart based on values of cone resistance and 
sleeve friction (from Olsen 1988) 


sleeve friction and point bearing resistance, ^ and q.. The corrected parame¬ 
ters are the results of adjustments made to the measured values of sleeve 
friction and cone resistance, f, and q,. These adjustments correct die mea¬ 
sured values to overburden stress conditions of 1 ton/ft’. The output of the 
computer algorithm for mapping the strength parameters onto die soil classifi¬ 
cation chart is an SCN whidi correlates to basic soil types. An SCN of O.S 
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corre^nds to a ^ical day, the range of SCN’s from 1 to 2 represents silt 
mixtures, SCN’s for sands range from 2 to 4, and a fine sand an SCN 
between 2.5 and 3.5. 


Soil Fluorescence Measurements 


General procedures 

The fluorometo: was adapted from a design devd(^)ed by Lieberman, 
Inman, and Theriault (1989) for use in measuring POL fluorescence in seawa- 
tw. A patent was issued to the U.S. Army for an in situ q>ectral investigation 
system designed into a cone penetrometer package (U.S. Pdent Office 1992). 
A schematic of die in situ fluorometer cone penetrometer system is presetted 
in Figure 8. To make a measurement, die exciting radiation was produced by 
firing a pulsed nitrogen laser (emitting at 337Him wavdoigth). The laser li^t 
was coupled into two fibers: a timing circuit fiber and die downhole irradi¬ 
ation fibw. The light in the timing circuit fiber was used to trigger detection 
circuitry and assure optimum culture of fluorescence energy. The major part 
of the laser pulse was directed into a 400-micron optical fiber diat passed 
down the center of the penetrometer rod. The fiber terminated at a 6.35-mm 
diam siqiphire window that passed die light onto the soil surface adjacent to 
the window. The fluorescmce signal was returned by a 400-niicron fiber and 
was carried back up through the penetrometer rod to the polychromator. In 
the polychromator, the fluorescent energy was dispersed and the energy distri¬ 
bution at the wavelengths of interest was measured using a linear phot^iode 
array. Readout of an entire emission spectrum (1,024 measurements) required 
only 15 msec. The nqiidity of the readout made it practical to "stack” or add 
successive pulses and increase the sensitivity of die unit. 

Each fluorescence spectrum consisted of photon counts measured at 
1,024 points (over a wavelength range of 300 to 800 nm) for every 0.2-ft 
layer of soil investigated. The present data processing system records all 
spectral intensity measurements and makes corrections for instrument drift 
during measurement. Ihe corrected data were screened to develop the {dmton 
counts for the spectral band of interest and die background. 

The response of the fluorometer is usually direcdy related to die concentra¬ 
tion of aromatic (ring) compounds in the soil. Fluorescmice of any aromatic 
compounds with basic or acid functional groups is usually pH dep^ent. 
loni^ aromatic compounds will fluoresce at different wavelengths and at 
different intensities from die same compounds in a nonionized state. Fluo¬ 
rescing compounds adsorbed on solid surfaces will typically fluoresce with 
greater intensity than the same compounds in solution (Murphy and Hosteder 
1989). Deconqiosition or weadiering phenomena also change die fluorescence 
of hydrocarbons. Generally, the aromatic compcmnds dutt fluoresce are con¬ 
centrated in die weathering process because the lifter hydrocarbons volatilize 
and the longa strai^t-chain hydrocarbons are more easily deconqiosed by 
microbial activity. The number of interfering variables and uncertainties 
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Rgura 8. Schematic of cone penetrometer system showing the in situ fiuorometer and the soil strength measuring 
system 
























concerning the composition of tfie hydrocarbon residues present restrict the 
fluorometer measurements to use as a qualitative and semi-quantitative indica¬ 
tor of the presence of hydrocarbons and POL contamination in the soil. Fluo¬ 
rescence from certain minerals and other chemicals (dyes) may intofere widi 
the fluoromet^ response and potentially mask die presence of hydrocarbon 
contamination. 


Site-specific considerations 

The fluorometer built into die cone praetrometer is designed to be a 
screening tool diat will allow the detection of POL products diat typically 
contain fluorescent conqiounds or fluorophores. The typical fluorophores in 
petroleum products are multi-ring hydrocarbon compou^ (polynuclear aro¬ 
matic compounds or PAH’s) diat have delocalized dectrons and wUl interact 
with UV photons to emit li^t at a longer wavelength dian the wavelength of 
UV excitation. With the UV-source used in die SCAPS fluorometer system 
(an N 2 laser) the excitation wavelength (337 nm) can excite fluorescence in 
some of the modified 2-ring aromatic hydrocarbon compounds (naphthaloies), 
the 3-ring (anthracenes), 4-ring (napthacenes), and heavier conqiounds. Gen¬ 
erally, more dian one fluorescmt hydrocarbon can be expected to be present 
in weathered petroleum products, such as POL wastes in soil. Pure petroleum 
products have relatively distinct fluorescence peaks that mixtures of products 
and weathered products lack. The fluorescent response from mixtures tends to 
become featureless mound-shaped spectra with poor definition of peaks from 
individual components. The broad spectra make quantitative interpretation of 
the data difficult in that the wavelen^ of the maximum fluorescence can 
change with minor changes in the composition of the residual hydrocarbons. 

A further complication arises due to the effects of the soil matrix on the fluo¬ 
rescence. The same hydrocarbon mixture may fluoresce with different intensi¬ 
ties in different types of soils (Apitz et al 1992). The most straightforward 
^proach to estimating the amount of hydrocarbon in die soil is to develop 
standards from clean and POL-contaminated soil obtained from tiie site being 
studied. Typical silty sand soil was obtained from an excavation at the Sew¬ 
age Treatment Plant construction site and was used as a background sample. 
The sample was analyzed for total recoverable petroleum hydrocarbon (I^H) 
using the standard EPA method (SW-846 Third Edition). TRPH concentration 
was less than 25 ppm (sample 26116). 

Contaminated soil from one of the Fort Dix sites (4400 Area Motor Pool) 
was similarly analyzed and the contaminated soil was mixed thorouf^y widi 
tile uncontaminated sand to form samples witii intermediate levels of contami¬ 
nation. Two contaminated samples (31391 and 31392) were used to form 
sqiarate calibration curves for comparison. Sample 31391 contained an oil 
and grease concentration of 460 ppm and 430 ppm TRPH. Sample 31392 
contained an oil and grease concentration of 8200 ppm and 7900 ppm TRPH. 
The maximum fluorescence levels 0° counts) averaged for three sanqiles of 
each mixed soil, were plotted against the calculated TRPH concentration of 
the samples to form a calibration table. A curve was prqiared for eadi sam¬ 
ple by using least squares procedure to fit a line to the data points (Figure 9). 
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The curve allows a predicted TRPH valve to be associated with each maxi¬ 
mum fluorescence intensity observed in the soil at this site. While UV-excited 
fluorescence is the major signal observed in the fluorometer, there is always 
some light scattering diat produces light with a range of frequencies. The 
background correction for the current investigation was made by measuring 
the spectrum generated by irradiating the sample of Fort Dix sand that showed 
a laboratory TRPH level below the detection limit (<25 ppm for soils and 
2.2 - 2.7 ppm for water) when analyzed using standard EPA protocols. A 
sample of Ais soil was irradiated at the start of each penetrometer push or 
calibration run to obtain a background correction for the fluorometer. The 
background measurement also served as an equipment check. 

Complications may arise in applying a specific calibration curve because 
the wavelength of maximum fluorescence may vary with the hydrocarbon 
contaminant being observed. The usual approach involves picking the maxi¬ 
mum fluorescence intensity over a specified interval (or window) in the 
fluorescence spectrum. If the wavelength of maximum fluorescence moves 
outside the window the estimated value obtained for a specific number of 
counts is considered less reliable. If the soil type changes, the same amount 
of hydrocarbon may also produce a stronger or weaker fluorescence. Soil 
strength measurements made with the penetrometer provide data on the soil 
type present and allow the validity of the TRPH estimate to be assessed for 
each soil layer. 

Verification of the in situ fluorometer response was accomplished by 
retrieving soil and groundwater samples for laboratory analysis. The samples 
were retrieved utilizing the methodologies described hereinafter. The samples 
were taken approximately 2 ft horizontally adjacent to the penetrometer holes 
from which fluorescence data were acquired. 

A robust samples retrieval program for detailed verification purposes was 
not pursued. Initial sampling efforts were designed to provide a means of 
determining the contaminant concentration at relatively higher in situ fluores¬ 
cent soil layers instead of for the sole purpose of verifying fluorometer accu¬ 
racy and resolution. Samples were retrieved from those sites where consistent 
in situ fluorometer response patterns were observed (the Bivouac Area 5 
Washrack, the Fire Tank Training Area, the 4400 Area Motor Pool, the 5426 
Boiler Plant, the 5800 Area Motor Pool, and the 5881 Boiler Plant Area). 

The site-specific sampling analyses with comparisons to in situ fluorometer 
response are tabulated further in this report. The description of the sampling 
equipment is also contained further in this report. 

The soil samples shown in Figure 10 were recovered from the 4400 Area 
from a depth of approximately 8 ft (note the light and dark mottling of the soil 
indicating non-uniform distribution of the waste oil). The samples reflect the 
conditions in the ground where the fluorometer responds to the fine-detail 
variation in POL concentration. When a sample is recovered for analysis it 
will typically be partially mixed and a sample will be extracted for analysis. 
Any attempt to compare the in situ fluorometer response with the analytical 
results from the laboratory is subject to the problem that the laboratory 


Chapter 3 Investigation Equipntent and Procedures 







Figure 10. Photograph of a heterogeneously contaminated soil sample 

analyses represent an average concentration that may not exist in situ. Fur¬ 
ther, the sample cannot be taken at the exact location where fluorometer read¬ 
ings are made as it is impossible to obtain the soil samples from an open 
probe hole with current sampling devices; the soil sampling penetration must 
be positioned adjacent to the previous hole. When the contamination is as 
non-uniformly distributed as in the soil at Fort Dix, the calibration curves (no 
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matter how carefully prq)ared) can only provide an ordo’-of-magnitude esti¬ 
mate of what values die analytical laboratory might be able to obtain. Such 
iQiparent mismatches between in situ soil fluorometer response, retrieved soil 
sample fluorometer response, and analyzed sample results are a function of the 
heterogoieous nature of soil contamination patterns observed at Fort Dix. 

The calibration curves are also affected by this phenommon. Theoretically, 
the slopes of the two curves should be identical (a change in counts is directly 
proportional to the change in TRPH concentration, all other variables being 
constant). The upper curve (taken from sample 31391) has a slope diat is 
significantly steqier than the bottom curves. A likely reason is due to the 
heterogeneous nature of die soil, i.e. the two soil samples contain diffo'ent 
conta min a nt concentrations (other than TRPH) diciting diffo'ent fluorometo' 
responses. The upper curve (from sample 31391) would have a steqier slope 
due to higher concentrations of fluorophores. 

Fluorometer response may vary as die tempeature of the equipment (espe¬ 
cially the photodiode array) changes through Ae working period. In order to 
track any changes and to make any corrections for instrument drift, fluores¬ 
cence measurements are made on a standard 10-micromolar solution of riioda- 
mine 6G in edianol and water. Fluorometer system response (normalized 
counts) is obtained at the beginning and end of each penetrometer push and 
any drift that occurred is assumed to have occurred uniformly over the d^th 
of push. The drift correction is calculated as a linear change with dqith and 
is added to or subtracted from the measured intensity. 

At most sites where die SCAPS fluorometer sensor was employed, prior 
investigations or environmental records have indicated POL contamination 
from fluorometrically detectable materials were present. At Fort Dix many of 
the sites have been utilized since World War I, and specific POL contamina¬ 
tion with known spectral properties had not been identified prior to dqiloying 
the fluorometer. The fluorom^er was also d^loyed at probl emati c areas 
where a generally unknown POL product might be present. Every soil layer 
that showed fluorescence, regardless of the signature (intensity pattom and 
wavelength), was investigated. Fluorescence that is not related to POL con¬ 
tamination may occur, due either to fluorescent dyes and brighteners added to 
common consumer products or natural mineral fluorescence. For esanqile, 
septic tank effluent has been shown to fluoresce because optical bn^tenos 
are added to laundry detergent and other cleaning products. Fluorescence in 
some types of minerals is so pronounced that UV-lamps are routinely used in 
prospecting (Dake 1953). When in situ fluorescence was observed in the 
present study and some of the retrieved samples showed no cursory visual 
evidence of POL, the spectral signatures wo’e reviewed and the sample was 
examined to determine what component of the moist soil (fluid or solid 
phases) produced the fluorescent signal. The sample was then subjected to a 
laboratory analytical tqiproach to identify the fluorescent compound or 
compounds. 

Samples that fluoresced significantly but showed no POL (TRPH) contami¬ 
nation (in laboratory analysis) were recovered from the soil at two locations at 
Fort Dix. Samples of both water and soil from the east side of the 4400 Area 
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near penetration 1130-05 showed a spectrum with a broad peak cento'ed at 
440 nm. Both the water and sedimrat samples fluoresced. Laboratory analy¬ 
sis for POL showed the POL contamination was below detectable limit 
(<2S ppm) for the method used but the analysis of the groundwater did show 
elevat^ total organic carbon rdative to other samples. A sample of an ethyl¬ 
ene glycol-based deicing solution used on aircraft and runways at McGuire 
AFB and the Fort Dix Army Airfleld was also obtained. An examination of 
the deicer showed very strong fluorescence from a dye that is added to the 
deicer in order to allow the area on the aircraft or pavement that has bem 
treated to be tracked by the personnel operating the deicing sprayer. Thou¬ 
sands of gallons of deicer are applied to the aircraft and pavements during a 
typical winter. It is suspected foat some of foe fluorescence observed in foe 
4400 Area is from deicer solution foat has infiltrated foe soil. The presence 
of deicer may account for foe relatively high fluorescence observed in some 
samples foat showed low TRPH levels but high TOC levels when analyzed. 
Discussion of this phenomenon is detailed in foe 4400 Area Motor Pool 
Results and Discussion section. Samples were analyzed for analytes other 
than TRPH (including PAH, TOC, and oil and grease) for foe purpose of 
determining which analyte was most responsible for foe fluorescent signature 
observed. 

A second series of samples foat fluoresced but showed no significant POL 
contamination was obtained from foe 5880 Area and 5881 Area. At these 
sites foe fluorometer encountered a layer of gravel foat contained fluorescing 
minerals. Small pebbles and granules of quartzite were recovered in soil 
samples taken at foe fluorescing horizon. The examination of individual 
granules using foe fluorometer indicated foe granules themselves were foe 
source of foe fluorescence. The samples were subsequently identified as foe 
mineral quartz in quartzite rock. Further details are presetted in foe discus¬ 
sion of foe investigation of 5880 and 5881 Areas. 


Data Acquisition and Processing 

The SCAPS data acquisition system and foe postprocessing system each 
have a separate control computer. The two computers are linked by a net¬ 
work so foat data can be exchanged after foe penetration testing. The data 
acquisition computer controls all systems and stores foe data on a bard disk 
during foe penetration test. The major block of spectral data is generated by 
foe soil fluorometer system in foe optical multichannel analyzer (OMA) and is 
written to foe bard disk in binary format. The OMA is a separate computer 
foat is controlled by foe data acquisition computer through a general purpose 
interface bus (GPIB). The data acquisition computer is also interfaced directly 
with foe amplifier/filter components for foe measurement of strain on foe cone 
tip and sleeve; amplifiers for foe electrical resistivity measurements, total ram 
force, tip temperature; a variable potentiometer foat reads out foe position of 
foe hydraulic rams (data used to calculate foe depth of foe penetrometer tip); 
and the computer network. 
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Cone tip resistance, sleeve friction, soil classification number, peak cmints, 
and wavelength of peak counts were displayed in ”real time” as a fimction of 
praetration d^th on the data acquisition computer monitor screen. Cone tip 
tonperature a^ total ram force were also monitored during penetration. All 
parametos excq>t the optical data were stored on the hard disk in ASCII 
format. Each ASCII file also contained a header with x, y, and z coordinates 
and otho- site-specific information, including operator’s notes. 

The posq)rocessing conq>uter was used to merge, calibrate, and format the 
data. IVo-dimaisional plots showing cone tip resistance, sleeve friction, soil 
classification number, fluorescence intensity, calibrated contaminant concen¬ 
tration, and wavelength of peak intensity as a function of elevation wwe gen¬ 
erated afra each pmetration. 

The data wae transferred offsite (typically back to WES) and the post¬ 
processing procedure was repeated on a Silicon Graphics”* workstation. The 
procedure was modified to output the data in a format acc^table for tiiree- 
dimensional interpretation and visualization of the data. The Silicon Graph¬ 
ics”* workstation will eventually rq)lace the posq)rocessing conq>uter in tiie 
SCAPS truck. 

Penetrometer fluorometer data were interpreted using tiiree-dim^ional 
visualization software (Geologic Modeling Bogram, GMP and Interactive 
Surface Modeling, ISM) devdoped by Dynamic Graphics, Inc. (Alameda, 
California). All calculations wo-e poformed on a Silicon Graphics Indigo 
(Silicon Gnq)hics, Inc., Mountain View, California). The GMP software 
accq)ts a single scattered data file in ASCII format and calculates a set of 
regularly spaced values (a grid) from the irregularly spaced data using tiie 
minimu m curvature method (Briggs 1974). A calculded value in the grid 
may be very close in value to the corresponding point in the original data set 
but may not be exact. To accuratdy rq)resait the data, the GMP software 
provides two tuning parameters; the vertical influence factor and the grid size. 
These parameto's strongly influence the three-dimensional r^resentation of 
the data, and proper sdection of these parameters is a matter of judgment, and 
dq)ends on kmwledge of both the geology of tiie site and the spatial distribu¬ 
tion of the data. The vertical influence fa^r is adjusted to enhance the 
lateral or vertical continuity of the site, and tiie grid size is chosen to ^proach 
as closely as possible the spatial distribution of the data. Lateral and vertical 
boundaries are also introduced to restrict the interpolations to physical limits 
of the data. The accuracy of each three-dimensional rqiresentation is checked 
by comparing the standard deviations of the residuals of many trial grids cal¬ 
culated for the site data. The grid that developed data that more closely 
approached all obsoved values is used in the visualization. 

A completed three-dimensional visualization model was generated for the 
Fire Tank Training Area and the 4400 Area Motor Pool and is presented as a 
series of surfaces that rq)resent specific values of tiie variable undtf study. 
The plots geno’ated in this report rqiresent the variable fluorescence intensi¬ 
ties. The plot of the surfaces can be presrated as a series of drawings of tiie 
site or as a computer-generated video tape that shows tiie soil volume with tiie 
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data boundaries presented in different colors. The GMP software can rotate 
the shape so ftiat die volume of soil contaminated to the levd specified can be 
observ^ from all sides. Subprograms are available diat allow die volume 
modd to be sliced at various points so that the variation of die contaminant 
concentration can be observed inside the projected volume. 


Probe Decontamination Method 

The poietrometer push rods pass through potentially contaminated soil 
layers as diey were moved in and out of die soil. The push rods are decon¬ 
taminated as they are retracted into the truck to prevent possible contamination 
of the rod handling area and minimize exposure of die operators. 

The push rods were decontaminated using a truck-mounted pressure clean¬ 
ing system. An enclosed housing fhrou^ which die push rods travd is 
locat^ under the hydraulic rams, b^een die trudc floor and the ground 
surface below. Perforated rubba discs form a watertight seal around the push 
rods at the top and bottom of this housing. Injection ports attadied to the 
housing spray pressurized hot water onto die push rods as they are retracted. 
The hot water or steam (up to 212° F) is pumped from an on-board knosene- 
fired, hot-water pressure washer. The spent wash water is collected in the rod 
cleaning housing and drawn into a drum for disposal. 


Grouting Method 


The SCATS unit is equipped to seal the penetrometer holes with grout 
either during or after push r^ retraction. An on-board ChemGrout'* 
(LaGrange Park, Illinois) progressive cavity grout pump is used for pumping a 
grout mixture through either the tip of the push rod system or throu^ a 
tremie tube; both procedures were used interchangeably at Fort Dix to demon¬ 
strate the efficiency and effectiveness of each method. Pumping through the 
tip was die method used at most sites. 

The grout pumping system uses a hydraulic power supply to turn a pro¬ 
gressive cavity rotor which can deliver up to 3()0-psi grouting pressure. An 
attached S-gal hopper supplies the grout to the pump. A reducer manifold on 
the pump allows delivery through eidier a l/4-in.-diam grout tube or a 
3/8-in.-diam rout tube. 

The grout used at Fort Dix consisted of a mixture of water and microfine, 
blended Pordand cemrat (Ldiigh Geocem”, Leeds, Alabama). The grout is a 
suspension of a uniformly produ^d cement clinker interground with hi^ 
quality limestone, to produce a hi|^y punqiable mixture. The grouting mix 
used at Fcrt Dix consisted of equal volumes of potable water and cement, 
mixed tfaorou^y prior to being pumped in to s^ the penetrometo’ hole. In 
WES laboratory tests the permeability (hydraulic conductivity) of test 
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specimens mixed to a 1:1 ratio averaged 1.2 x lO*^ cm/sec. Using the 
1:1 ratio mix allowed for adequate hole plugging in soil types ranging from 
sands to silts. The 1:1 mix produced a grout plug that was less permeable in 
all cases than the surrounding sand and silts of the Kirkwood-Cohansey For¬ 
mations which have hydraulic conductivities ranging from 1.8 x lO*’ to 9.9 x 
10^ cm/sec. (CDM 1986). 


Sampling Method 

Soil and groundwater samplings were performed to allow comparison of 
field fluorom^ry results with analytical li^ratory results. Soil or groundwa¬ 
ter samples or bodi were collected at die Fire Ta^ Training Area, die 4400 
Motor Pool Area, die Bivouac Area S, the Post Laundry Building 5326, and 
the 5800 Area Motor Pool. Soil sampling was done using a Hogentogler™ 
bayonet-type sampler (Hogentogler Corp., Columbia, Maryland). The closed 
samplw was pushed to the dqith where the top of die sample was to be 
loca^. The penetrometa rod was retracted to open die sanqiler and lock the 
open tube in position on the penetromet^ rod. The rod was Aen advanced 
10 cm into the soil so that a soil sample was forced up into the tube. The 
sanqile was recovered by retracting the rod to die surface. The soil sample 
was removed by opening the end of the sampler and pullmg out the sample 
liner that enclosed the soil sample. The sample was then extruded into a new, 
precleaned glass sample jar. Ihe samples w^e shipped under refrigeration 
(32‘'F) to the WES analytical laboratory. 

Three borings with a handheld soil sampling auger w«’e accomplished at 
the 4400 Area Motor Pool site. Soil samples were retrieved from fallow 
dqiths (approximately 10 ft or less) using diis manually-operated sampler. 

The augered samples were taken from discr^e soil layers observed as having 
elevated fluorometer responses during adjacent (approximately 2-ft distance) 
penetrations. The auger sampling method was used in addition to the pene¬ 
trometer soil sampler in order to obtain larger soil samples having a higho^ 
probability of containing the fluorescent material observed during the adjacent 
penetration. The auger sampler was thorou^y cleaned after each sample was 
retrieved in order to prevent cross-contamination between samples. 

A Hydropunch™ Sampler (QED, Inc., Ann Arbor, Michigan) was used for 
collecting water samples. The sampler was driven to a predetermined dq)th 
bdow the water table and the sampler was retracted 26 cm to expose a 
screened opening. The positive groundwater head forced a sample into the 
samplo* reservoir. No pumping or suction was used to obtain a water sample. 
The Hydropunch™ Sampler must be at least 5 ft below die water table in order 
to take a sample. While care was taken to try to place the screen within the 
strata from which a sample was desired, the sample can r^resent a composite 
of all of the water above the screen. Normal time to fill the sampler was 
2 hr. The volumes collected ranged up to 400 ml. The sampler was retracted 
to the surface and die water sample was transfored to a new, precleaned glass 
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saiiq)le jar. The water was shipped under refrigeration (32 °F) to the analyti¬ 
cal laboratory. 

Decontamination of the soil and groundwater samplers was performed after 
each sampling event. Each samplo* was taken apart, thoroughly cleaned using 
a hand-freld steam cleaner wand, and reassembled. The Soil Sampler lino' 
tube was rq)laced with a new one, and the groundwat^ samplo* screen was 
also rq)laced. 

As previously stated, a robust samplmg program was not originally 
design^ for the Fort Dix site investigation. Obtaining soil and groundwat^ 
samples was a task pursued as foe site investigation progressed and it became 
evident that relativdy low-level fluorescrace activity predominated at foe 
initial sites visited. Samples were fora taken to determine whefora or not foe 
fluorescence activity was due to foe presence of hydrocarbon compounds in 
foe soil matrix, and to vraify foe fluorometra response performance. Samples 
were taken from soil layras exhibiting consistent in situ fluorometra responses 
above background levels in order to maximize foe probability of retrieving 
rq)resentative samples for laboratory analysis. Fu^er discussion of sampling 
scheme and circumstances is inciud^ in later sections of this rqmrt. 


30 


Chapter 3 Invaatiaation Equipment and Procadurat 





4 Results and Discussion 


General 

Thirteen sites within Fort Dix were chosoi as candidates for SCAPS inves¬ 
tigations based on previous studies and historical data that indicated probable 
POL contamination in foe soil. The site locations are shown in Figure 11. 

The thirteen sites selected are listed in Table 1. The general work plan fol¬ 
lowed at each site investigated produced foe following information: 

a. At initial evaluation of foe probable existence and source of contamina¬ 
tion and an assessment of its probable direction of movement. 

b. Data on foe level of fluorescoice imensity observed in foe soil. 

c. Data on foe variation of soil strengfo and foe inferred soil type. 

d. Quantitative estimates of contaminant concentration based on analytical 
laboratory verification results. 

e. Three^imensional visualizations showing foe distribution of foe fluores¬ 
cent soil in cases where adequate data doisity permitted such. 

The plots of data from each poietration are presented in foe jqq)endixes. 
The plots each consist of five panels that display foe cone resistance, sleeve 
friction, and inferred soil ^e as functions of dq)fo of penetration. Soil 
fluorescrace in normalized counts is presented on foe right side of foe plot 
along with foe wavelengfo for foe maximum fluorescence observed. All data 
are corrected for relative sensor positions along foe SCAPS probe to read at 
common dq>fos horizontally across foe plot. The dqrth is displayed as eleva¬ 
tion in feet above MSL for a common reference point. 

The numbering system for labeling each soil penetration conq>leted by foe 
SCAPS at Fort Du consists of a six-digit number: foe first two digits indicate 
foe month, foe second two indicate foe day, and foe last two indicate foe 
order. For example, penetration 1024-01 indicates foe first penetration com¬ 
pleted on foe 24fo day of October (1992). Penetrations during foe monfos of 
January (01) and Fd>ruary (02) were in foe year 1993. 
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Table 1 

Summary of Sites investigated at Fort Dix 


Sita/Siie 

No. of 

Pushes 

No. of Sol/ 

Qroundwatar 

Samples 

Max. Depth of 
Imreatigatien ft 

Depth to 
Qroundwatar ft 

SampHng 

Ramarka 

SHa 

CondMona 

Bivouac Area 5 
Washrack, 

6 acres 

11 

5 

36 

10 

Water and 
soil (lab) 

samplas 

show TRPH 
<25 ppm. 

Rat, woodad, 
sartdy. 


Fire Tank 
Training Araa, 
4 acres 


4300 Area 
Motor Pool, 
14 aoree 


4400 Area 
Motor Pool, 
130 acraa 


5252 Boiler 
Plant, 

1 acre 


5326 Post Boiler 
Plant (Laundry), 

5 acres 


5426 Boiler 
Plant, 

4 aorst 



Watar and 
soil Oab) 
samplaa 

show TRPH 
<25 ppm. 
Soil aampie 
shows 
30 ppm oil 
and grsase. 
Traces of 
PAH in soil. 


Grassed slope 
to stream. 



Five soil 
aamples Oab) 
show TRPH 
>1(X>0 ppm. 


Rat. paved. 


Sloped field, fiat 
grassed, and 
paved areas. 



Water and 
aoil samplee 
Oab) show 
TRPH 
<25 ppm. 



Flat, iartd- 

scaped, 

grassed. 


Rat, land¬ 
scaped, 
grassed. 


(ContinumO 


TRPH > Total Recoverable Petroleum Hydrocarbons (EPA Method 418.1). 
PAH B Polynuclear Aromatic Compounds (EPA Method 8270). 
ppm IB Parts per million. 

Note: Lab samples were verification samples taken on site. 



Chapter 4 Results and Discussion 


35 


























































1 Table 1 (Conduded) 



8ltt/8in 

No. of 

Puehee 

No. of So«/ 
Qroundwator 

Samploa 

Max. Depth of 
Inveetigation ft 

Depth to 
Qroundwatar ft 

•amplng 

Remarke 

Site 

CondMona 

5700 Area Motor 
Pool, 

7 aoraa 

14 

0 

30 

8 


Sloped, 

landaoaped, 

graaaed. 

5800 Area 

1 Motor Pool, 

1 6 aoraa 

17 

2 

30 

20 

Soil aamplaa 
dab) ahow 
TRPH 
<25 ppm. 
Minar^ fluo- 
raaoanoe 

noted. 

Sloped, 

lattdaoaped, 

graaaed. 

1 5881 Boiler 

H Plant Area, 

7 aoraa 

14 

1 

36 

20 

Soil aamplea 
(lab) ahow 
TRPH 
<25 ppm. 
Mirwral fluo- 

reaoeitoe 

noted. 

Sloped, 

wooded, 

landaoaped 

frontage. 

5900 Area 

I Motor Pool, 20 

H aoraa 

18 

0 

24 

15 


Sloped 

pavement 

wooded 

perimeter. 

1 8100 Area 

1 Motor Pool, 21 

1 aoraa 

10 

0 

33 

8 


Flat, 

landacapod, 

pavement. 

18132 Hazardoua 

1 Waata Building 

1 aitd Storage Area, 
y 1 aoro 

11 

0 

30 

8 


Rat, 

pavement, 

wooded 

perimeter. 

1 TRPH - Total Reo< 
H PAH > Polynuoleai 
S ppm - Parte per m 
y Note: Lab aamplea 

>verable F 
Aromati* 
illion. 

were vet 

*otroleum Hydroo 
; Compouttda (EP 

ifioation aamploa 

arbona (EPA Mathi 
A Method 8270). 

taken on aite. 

Bd 418.1). 
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Figure 12. Bivouac Area 5 Washrack ahe map 


silt/clay laytf less than 2 ft thick, located at a dqith of an>roxiniateIy 18 ft. 
The fluorescence increased ^ere the silt/day layer was more clearly defined. 
Sands/gravels predominated at this she. 

Three soil and two water verification samples were taken from the Bivouac 
Washracks Area. The results of the laboratory analyses are shown in Tables 2 
and 3. Detailed sample information is given in App^ix A. None of the 
samples showed levels of total recoverable petroleum hydrocarbons CTRPH) 
that were greater than 25 ppm Oaboratory analytical limits). Although in shu 
fluorescence was noted under the parking area norfii of the washracks, none of 
file samples taken from this site showed evidence of TRPH contamination in 
laboratory analysis. Samples of soil and water taken from file fluorescent, 
sUt-rich horizon showed higher levels of TOC than the sanqiles collected 
where no fluorescence was noted, supporting a linkage betweoi TOC concen¬ 
tration and fluorescence response. 

The location of the fluorescence was in the first confining layer near the 
water table. The fluorescence is more likdy due to dispersed hydrocarbiHi 
that has been hdd in the fine-grained soil laya as the water table fluctuated 
above and below file layer. One possible explanation is fiiat fiie drainage from 
file sandy parking area and fiie uncontrolled washrack water disdiarge have 
caused a minor concentration (below laboratory detection limits of 25 i^m) of 
POL residue to accumulate in fiie less pomeable silt/day layer at approxi¬ 
mately 18 ft bdow ground surfrice soufo and east of file parking area. 
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Table 2 

Results of Laboratory Analysis for TOC and TRPH for tfia Bivouac 
Area 5 Washrack Area Samples 

Sampla No. 

Total 

Organic 

Carbon 

ppm 

Total 

Bacouarabia 

Patroiaum 

Hydrooarbona 

ppm 

Loeation/Typa of Sampla 

29292 

23 

<0.5 

Watar aampla naxt to 0123-02 10 ft BGS 
no fhioroaoanoa 

29290 

1613 

<25 

SoH aanvla next to 0121-06 2 ft BGS 
ito fhioraaoaitoa 

29542 

275.5 

<0.5 

Watar aampla 17.5 ft BGS, naxt to 0123- 
03 

29290 

1902 

<25 

Sott aampla IS ft BGS naxt to 0123-02 
fhioraaeaitea iMtod 

BGS - Balow 
Note: AH aami 
Sae Appandioa 

Ground Surfi 
Idas ara varifi 
a for aampla 

loa (Typical for aHI 
cation aamplac (Ty 
information (Typiei 

rablaa). 

pical for aH TaMaa). 
il for all Tablaa). 


r Table 3 

1 Results of Laboratory Anaiy^s for PAH Compounds for the 

1 Bivouac Area 5 Washrack Area Samples 


ConoMitratioti» ppm | 

Sampla No. 

29517’ 

Sampla No. 1 

29627* _1 

Naphthalana 

<0.71 

<0.94 1 

AoanaphthyloiM 

<0.71 

<0.94 1 

AcenaphthaiM 

<0.71 

<0.94 1 

Fkioraira 

<0.71 

<0.94 1 

PhartanthrarM 

<0.71 

<0.94 1 

AnthraoaiM 

<0.71 

<0.94 1 

1 HuorantharM 

<0.71 

<0.94 1 

Pyratta 

<0.71 

<0.94 1 

Chryaaira 

<0.71 

<0.94 1 

Baiuo(a) AnthraoaiM 

<0.71 

<0.94 1 

Baruodc) RuoranthaiM 

<0.71 

<0.94 1 

Bafuo(a) PyraiM 

<0.71 

<0.64 1 

1 Indano (1, 2, 3 - C. 0) Pyrana 

<0.71 

<0.94 1 

II Banzo (G, H. 1) ParylaiM 

<0.71 

<0.94 1 

1 ' Takan from 0121-06, 2 ft BGS. I 

H > Takan from 0123-02, IS ft BGS. | 
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Fire Tank Training Area 


The Fire Tank Training Area is located southeast of die Building 5353 
Firdiouse on Delaware Avenue (Figure 13). This area contained open steel 
circular tanks used for fire training exercises. It is a grassed area of iqiproxi- 
mately 2 acres bounded on the north side by a fenced vdiicle maintenance 
facility, on the south side by a pine plantation, and on the east side by a 
stream. The area was used for fire training exercises from die 1960*s until 
the 1980’s, and contains two 30-ft diam soU berms. One of the berms sur¬ 
rounds an open steel tank 15 ft in diameter. 



Rgure 13. Rre Tank Training Area site map 


The ground surface devation drops approximately 13 ft over a distance of 
about 4(X) ft from the firehouse lawn down to the stream. The surface water 
and groundwater flow directions are toward the stream to the southeast, and 
the water table is iqiproximately 11 ft bdow ground surface at the upper end 
of the site. The stream surface is about 1 ft below the surrounding inarshy 
h anks during normal flow. The average linear groundwater flow velocity at 
the site was estimated to be 10 ft per year. Three monitoring wells (FTT 51, 
13, and 14) have been installed at this site and previous investigations have 
bera conducted. Soil and water contamination has been previously detected. 
(Dames and Moore 1991). 
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The SCAPS unit was deployed at this site primarily to assist in detection of 
hydrocarbons in the soil and groundwater. Since the potential source and 
approximate extent of subsurface contamination was l^wn (based on previous 
studies), a grid was established to define the extent of any possible hydrocar¬ 
bon plume. Initial penetrations 1105-01 and 1105-02 were located adjacent to 
each bmn where surface soil samples indicated POL contamination might be 
present. The remainder of penetrations (1110-01 through 1116-03) was set up 
on a grid peipendicular to the stream orientation in the expectation diat con¬ 
taminant concentrations would increase in the direction of the stream. A total 
of 22 penetrations were made at this site. A wide range of soil types was 
observed, from gravels to clays. The soil stratigraphy variation was among 
the highest observed at any site visited. 

Fluorescence was observed most predominantly in the northern section of 
the site. The data are presented in Appendix B. Twenty-two pushes provided 
enough data to prq)are a map showing the distribution of fluorescence in the 
subsurface (Figures 14-17). Each of the four plates shows different three- 
dimensional orientations of the site. Part ”a" shows the lowest fluorescence 
intensity data, and Part *b" shows the highest mtensity data for each orienta¬ 
tion. Note that the most intense fluorescence responses (300 to 1,000 counts) 
were found between the fire training tanks and the vehicle maintenance facility 
on the northern part of the site. 

Water and soil samples were collected and analyzed both from materials 
that showed fluorescence and those that did not. Tables 4 and 5 highlight the 
TOC, TRPH, and PAH laboratory results. Details of sampling locations and 
adjacent in situ fluorescence patterns are presented in Appendix B. The water 
sample that showed fluorescence contained 0.7 ppm TRPH (Table 4). The 
water sample that did not fluoresce showed 0.1 ppm. Both of the soil samples 
show TRPH levels that were below the detection limits for the conventional 
laboratory analytical methods. The TCK! levels ranged from 42 to 
11,237 ppm. One soil sample collected from the fluorescent horizon showed 
30 ppm of oil and grease although the TRPH was less than the conventional 
detection limit (25 ppm). The soU samples that fluoresced had a dark color, 
suggesting discoloration with POL residue. The discolored sample and the 
consistent in situ fluorescence at the site prompted further analytical work and 
a screen for polynuclear aromatic hydrocarbons was undertaken on the two 
soil samples (one assumed to be clean and the second suspected of contamina¬ 
tion) from the site. Both of the r^pective samples show^ PAH concentra¬ 
tions of 730 to 940 ppb (Table 5). The soil sample that exhibited detectable 
fluorescence did show indications of low PAH concentrations, including 
190 ppb of the fluorophore perylene. 

The fluorometer and laboratory results obtained in this investigation indi¬ 
cate that no high level POL contamination over any large area was obs^ed 
in the subsurface at the Fire Tank Training Area. Only one penetrometer 
push (1114-01) showed evidence of a high level of contamination. The maxi¬ 
mum fluorescence intensity occurred in a clay/peat lense at elevation 
113-ft MSL. None of the penetrometer pushes or sampling conducted nearby 
indicated any comparable contamination. The detection of a trace of PAH 
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Figure 14a. Fire Tank Training Area 3-D visualization, view 1 
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Figure 15a. Fire Tank Training Area 3-D visualization, view 2 
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Figure 15b. Fire Tank Training Area 3-0 visualization, view 2 
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Figure 16a. Fire Tank Training Area 3-D visualization, view 3 
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Figure 16b. Fire Tank Training Area 3-D visualization, view 3 
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Figure 17a. Fire Tank Training Area 3-D visualization, view 4 
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Figure 17b. Fire Tank Training Area 3-D visualization, view 4 
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Table 4 

Residts of Laboratory Analysia for TOC and TRPH for the Hra Tank 
Training Area Samplea_ 


Sampla No. 

Total 

Organic 

Carbon 

ppm 

Total 

Raoooerabla 

Patrolaum 

Hydroearbona 

ppm 

Loeadoft/Typo of SamploySampia Huoraaoonoa 

29291 

42 

0.7 

Water sampla taken naxt to 1110-03, 

19 ft BGS, (Non-fkioraaoing) 

1 29293 

34.0 

0.1 

Water aampio taken naxt to 1110-03, 

10 ft BGS, (Non-fkioraaoing) 

1 29283 

2842 

<25.0 

So8 aampio taken naxt to 1110-02, 1 ft BGS, 
(Notv-fkiorsaoing) 

1 29287 

11237 

<25.0 

Soil satTvia taken next to 1110-03, 18 ft BGS, 
(Fkioraacing) 

26942 

Not 

Analyzod 

<25.0 
(3 ppm oil 

and graaao) 

Soil aampio taken from aurfaeo near fanco, 
(Fluoraaoing) 

26810 

Not 

Analyzod 

<25 

(<25 ppm oil 
and graasa) 

Soil aampio taken iMxt to puah 1110-05, 

15 ft BGS, (Fluoraaeing) 

26911 

Not 

Analyzod 

<25 

(30 ppm oil 
and graaao) 

Soil aampio taken naxt to push 11144)2, 

17 ft BGS, (Fiuoroscing) 


^eryleoe), a sample containing 30 ppm oU and grease in die fluorescing soU 
samples Udcen at the site, and the measurable TRPH in the water sample that 
fluoresced all indicate presence of POL compounds at this site. 

The highest fluorescence activity trend was observed in the area immedi¬ 
ately south (downgradient) of the fence line separating the Fire Tank Training 
Area from the vehicle maintenance facility. Such activity suggests that, other 
than isolated events in the Fire Tank Training Area, an area of concern for 
future investigation would be the vehicle maintenance facility on the north side 
of the fence line. Additional sampling along the fence line area may be 
warranted. 


4300 Area Motor Pool 

The 4300 Area Motor Pool (Figure 18) is located between Texas Avenue 
and the sewage treatment plant. It contains a refueling center (buildings 4303, 
4304, 4305, building 4302), and a large paved parking area. The Motor Pool 
has been part of an ongoing remediation program. Several underground fuel 
storage tanks have been removed and an underground waste oil storage tank 
located soutii of building 4302 has been rq)laced. 
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1 Table 5 

1 Results of Laboratory Analysis for PAH compounds for the Fire 

1 Tank Training Area Samples 

1 Analyte 

ConoMilrstlon, p|Nn | 

1 

Sampla No. 

Sampla No. 

1 

29620' 

29624* 

1 Naphthalana 

<0.73 

<0.94 

1 Aoanaphthylana 

<0.73 

<0.94 

1 Acanaphthana 

<0.73 

<0.94 

1 Ruorana 

<0.73 

<0.94 

1 Phananthrana 

<0.73 

<0.94 

Anthracana 

<0.73 

<0.94 

Ruoranthana 

<0.73 

<0.94 1 

Pyrana 

<0.73 

<0.94 

Chryaana 

<0.73 

<0.94 

Ban 2 o(a) Anthracana 

<0.73 

<0.94 

1 Banzolk) Ruoranthana 

<0.73 

<0.94 

1 Baniola) Pyrana 

<0.73 

<0.94 

Indano <1, 2, 3 • C, 0) Pyrana 

<0.73 

<0.94 

Banzo (G, H, 1) Parytana 

<0.73 

<0.94 

ParylarM 

NO 

0.19 1 

' Takan naxt to 1110-02, 1 ft BGS. 


1 

^ Takan naxt to 1110-03, 18 ft BGS. 

1 

1 NO » Not dotorminod. 


I 


Several tons of petroleum-contaminated soil were removed from the south 
side of the Motor Pool area in 1985. Monitoring wells (363-24, 363-25, and 
363-26) were installed at that time; no petroleum hydrocarbons or VOCs wne 
discovered in the groundwater (EA 1989). Surface and groundwater flows are 
to the south; the stream drainage from Willow Pond (across Texas Avoiue) is 
the potential recq)tor for runoff. Its surface elevation is approximately 10 ft 
below the 4300 Area pavement elevation. 

Ten SCAPS fluorometer probe penetrations were completed within the 
4300 Area (Appendix C). llie majority of these were sited along the soudi 
fence line in the expectation that any groundwater contamination flowing 
southward would be intercepted, llie remainder were sited in the pavement 
area south of the refueling buildings and adjacent to the underground waste oil 
tank south of building 4302. The soil stratigraphy consists of sands with 
interbedded finer-grained mat^ial. The soil at penetration 0113-02 contains a 
clay lense (15 ft thick), and is possibly a backfilled area. 
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Fluorescrace was observed approximately S to IS ft below the ground 
surface in four pra^ations along the south side (0112-01 and 0113-02 
through 0113-04). It is assumed that this low-level intensity of fluorescence 
(less than 100 counts) indicates pt^ible hydrocarbon dispersion from the 
previously contaminated soil excavation performed in this area. This assunq>- 
tion is filler justified by the 3-ft average thickness of die fluorescing soil 
lay^s. No other suspected contaminant sources are nearby, and the fluores¬ 
cent soil interval is above the water table which suggests t^ lateral transport 
has not occurred. 

Penetrations 0113-05 through 0113-07 were conducted beneath the paved 
parking area. Fluorescence Oess fltan 200 counts) was observed at a dq>th of 
approximately 25 to 30 ft below the pavement surface. At fliis dq)th, a finer- 
grained soil layer is present. The fluorescence increase is similar to the pat- 
t^ observed in fine-grained soil layers at several other investigation sites 
(including the Bivouac Washrack she, and the Fire Tank Training Area). It is 
assumed that the fluorescence observed is possibly related to remnant hydro¬ 
carbons from the previously-excavated underground fuel tanks located approx¬ 
imately 2(X) ft north. This soil layer is located approximately 20 ft below the 
water table elevation (115 ft MSL) as recorded in 1990 and 1991 at the nearby 
monitoring wells 363-25 and 363-26. 

Penetration 0114-01 was located immediately downgradient of the under¬ 
ground waste oil tank outside building 4302. Fluorescence Oess than 
100 counts) was observed q)ptoximately 12 ft below ground surface. Since 
an underground tank had been previously removed and replaced at the site, it 
is reasonable to assume (hat the fluorescence is a result of dispersed low-level 
hydrocarbon contamination from the tank removal process. No soil or water 
samples were collected at this site. 

No evidence of a well-defined, continuous, or highly concentrated plume 
of hydrocarbon presence in the soil or groundwater was observed at this site 
(based on the fluorometer data). The available monitor well sampling results 
serve to supplement such a conclusion. Evidence does exist that hydrocarbons 
have been present in the soil and groundwater, based on ongoing and past 
remediation efforts and the fluorometer data. Further investigations to estab¬ 
lish the locations and pinpoint possible sources of persistent hydrocarbons may 
be warranted. A likely candidate for future investigation efforts would be in 
the unpaved area south of the 4300 Area pavement, especially in the gravel 
parking area near penetrations 0112-01, and 0113-02 through 0113-04. Addi¬ 
tional investigation efforts in the vicinity of 0113-05 and 0113-07 may also be 
warranted, based on in situ fluorometer responses. 


4400 Area Motor Pool 

The 4400 Area Motor Pool investigation site covers an area of approxi¬ 
mately 30 acres, extending from a cemetery (near the intersection of Texas 
Avenue and Pointville Road) north to the Willow Pond overflow stream. The 
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entir e area lies to die east of Texas Avouie, and includes buildings 4429 
tbrough 4434; buildings 4439 and 4440; buildings 4465 dirou^ 4471; and the 
Army Airfidd oonqilex. The investigation also included an area east of die 
Army Airfidd fence to die McGuire Air Force Base (AFB) taxiway H 
(Figure 19). 

Several documented underground storage tanks, oil/water sqiarators, and 
vefaide washracks are located in this area. Prior waste oil spills have 
occurred near buildings 4429 and 4434 and the contaminated soils were 
removed. In 1986, four monitoring wdls (DIO-09, DlO-10, DIO-11, and 
DIO-12) were installed around these buildings; no volatile organics or semi- 
volatile organics were detected in any of diese monitoring wdls (EA 1989). 

The ground surface devation raiiges from 143 ft above MSL in the south¬ 
ern area to 123 ft above MSL near die Army Airfidd. The natural surface 
drainage occurs in a northeasterly direction toward the Army Airfidd and 
McGuire AFB. Open drainage ditches are present east of die 4468 Motor 
Pool Rqiair Shop and east of die Army Airfidd. Expected groundwater flow 
direction is also northeasterly. Soil borings taken before construction of the 
4468 Motor Pool Repair Shop (May 1965) indicated a water table dqith of 
16 ft bdow ground surface. Measured depth to the water table during this 
site investigation (taken near die Repair Shop) was 13 ft bdow ground surface 
(water surface devation 121 ft above MSL). Measured depth to die water 
table at the lowest site devation (near the Army Airfidd) was approximatdy 
6 ft below ground surface (wator surface devation 117ft above MSL). Mea¬ 
sured dqith to die wat«- table at die hipest surface devation in the investiga¬ 
tion area (south, near die cemetoy) was 19 ft bdow ground surfece (water 
surface devation 126-ft MSL). The groundwater surface devation dropped 
s^roximately 9 ft to die northeast across the 4400 Area Motor Pool site. 

The soil layering at the site typically consisted of a silt/day surface (up to 5-ft 
thickness), a coarse sand layo* (up to 10-ft diickness), and a fine sand layer 
bdow. Many interbedded layers of differem textures were present, especially 
in the lower fine-sand layer. The water table surface typically was at or near 
the top of the fine sand layer. 

A total of 130 penetrations ivere completed in the 44(X) Area. Twenty-four 
verification samples were analyzed CTables 6,7, and Appendix D). The 
primary investigation targets were subsurface soil and groundwater near die 
washracks, oil/water sqiarators, and underground waste oil storage tanks. 

The initial site of investigation was adjacent to the 4468 Motor Pool Repair 
Shop washracks and oil/water separator. Low-ievd (less than 100 count 
intoisity) fluorescence was observed during many of these penetrations, and 
the investigation site was broadened as it became evident that discrete fluores- 
cmice patterns wece found not to be associated with specific facilities. The 
three-dimensional plume modeling of the data supported this observation. 

The peak fluorescence intmisities (greater dian 100 counts) occurred at 
various dqpths in each penetration event exhibiting a fluorescence response. 
The peak intensities (fluorescence with the highest intensity counts) occurred 
in die finer-grained soil layers, often sandwiched between sand layers. No 
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Rgure 19. 4400 Area Motor Pool site map 









Table 6 

Reaultt of Labo 
Area Motor Pot 

ratory A 
>1 Sampli 

nalyais 1 

la 

or TOC and 1 

FRPH for the 4400 

Sampla No./Typa 

Total 

Organio 

Carbon 

ppm 

01 

and 

ppm 

Total 

IWoovsMbte 

HydpooMi^oiis 

ppm 

Loeadon 

27875 (Watar) 

4.8 

N/A 

<0.5 

Takan naxt to 0118-02, 

12 ft BGS (Fhioraaood) 

29294 (Watar) 

35.0 

N/A 

0.1 

Takan naxt to 113005, 

28 ft BGS (Noft-fhioroaoing) 

27493 (Conerata) 

N/A 

N/A 

6.0 

Takan naxt to 1205-02, 

1 ft BGS (Fkcaroaoad) 

27492 (SoH) 

N/A 

N/A 

<25.0 

Takan naxt to 113001, 

6 ft BGS (Ruoraaoad) 

1 29289 (Soil) 

1578 

N/A 

<25.0 

Takan naxt to 113005, 

6 ft BGS (Fkioraaead) 

1 29288 (SoU) 

1256 

N/A 

<25.0 

Takan naxt to 113005, 

11 ft BGS (Fkioraaoad) 

31391 (Soil) 

N/A 

460 

430 

Takan naxt to 011602, 
at a dapth of 6.8-7.2 ft 

BGS (Ruoraaoad) 

1 31392 (Soil) 

N/A 

8200 

7900 

Takan naxt to 011602, 
at a dapth of 7.4-7.8 ft 

BGS (Ruoraaoad) 

1 31393 (Soil) 

N/A 

110 

25 

Takan naxt to 113001 
at a dapth of 3 ft BGS 
(Ruoraaoad) 

1 31394 (Soil) 

N/A 

3200 

3100 

Takan naxt to 113001 
at a dapth of 4.0-4.5 ft 

BGS (Ruoraaoad) 

31395 (Soil) 

N/A 

1900 

1800 

Takan naxt to 113001 
at a dapth of 7.5-8.0 ft 

BGS Ruoraaoad) 

31396 (Soil) 

N/A 

2200 

2100 

Takan naxt to 113001 8.0- 
8.5 ft BGS (Ruoraaoad) 

31397 (Soil) 

N/A 

27 

7.0 

Takan itaxt to 112401 

2.0-2.6 ft BGS 
(Non-fhioraaoing) 

31398 (Soil) 

N/A 

3600 

2700 

Takan naxt to 112401 
at a dapth of 14.0-14.5 ft 

BGS (Ruoraaoing) 
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1 Table 7 (Continued) I 

Analyta 

ConoMitrallon, p|Nii | 

San^Na. 

31381' 

8aiiipla No. 

38382* 

Naphthalana 

1.8 

5.8 

Aoanaphthylana 

0.05 

0.11 

Aoanaphthana 

0.07 

0.78 

Fkioraita 

0.18 

1.7 

Phananthraita 

<0.78 

0.68 

Anthraoana 

<0.78 

<0.75 

Fkioranthana 

<0.78 

0.03 

Pyraita 

<0.78 

0.03 

Chryaana 

<0.78 

<0.75 

Baiao(a) Anthraoarta 

<0.78 

<0.75 

Banioft)) Fhioranthaita 

<0.78 

<0.78 

Banzo(k) Fkioranthana 

<0.78 

<0.75 

Banzo(a) Pyrana 

<0.78 

<0.75 

1 Indano (1. 2, 3 • C, D) Pyrana 

<0.78 

<0.75 

1 Barao (G, H, 1) Parylana 

<0.78 

<0.75 

II ISl¥mt29fB) \ 

1 ' Taken near 0116-01 and 0116-02 at a depth of 6.8-7.2 ft BGS 
1 ^ Taken near 0116-01 and 0116-02 at a depth of 7.4-7.8 ft BGS 
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Table 7 (Continued) 


1 

— 

Cenoantration, ppm | 

I AiMlyt* 

San^No. 

31393* 

Sampia No. I 

31394* 1 

I Nophthalena 

<0.74 

0.07 

1 Aocnaphthylona 

<0.74 

<0.72 

1 AoenaphthofM 

<0.74 

<0.72 

1 Fluoranc 

<0.74 

<0.72 

H PhenanthraiM 

<0.74 

0.06 

1 AnthraoatM 

<0.74 

<0.72 1 

1 Ruoranthana 

<0.74 

0.19 1 

PyraiM 

<0.74 

0.29 1 

Chrv«an« 

<0.74 

0.09 

Ben 2 o(a) Anthracana 

<0.74 

0.05 

Ban 2 a(b) Ruoranthana 

<0.74 

0.04 

Ban 20 (k) Ruoranthana 

<0.74 

0.04 

Ban 2 o(a) Pyrana 

<0.74 

0.03 

Indano (1, 2, 3 - C, 0) Pyrana 

<0.74 

<0.72 1 

Banzo (G, H, 1) Parytana 

<0.74 

<0.72 1 

I (ShmmtSofBi 

1 ' Takan naar 1130-01, 3 ft dapth BGS. I 

1 ^ Takan r«aar 1130-01, 4.0-4.5 ft dapth BGS. | 
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1 Table 7 (Concluded) I 

Analyta 

Concantration, ppm | 

Sampla No. 

31397' 

Sampla No. I 

31398* 1 

Naphthalana 

<7.0 

<0.78 

Aoanaphthytana 

<7.0 

<0.78 

Aoanaphthana 

<7.0 

<0.78 

Fluorana 

<7.0 

<0.78 

PhatMothrana 

<7.0 

<0.78 

Anthracana 

<7.0 

<0.78 

Ruoranthana 

<7.0 

<0.78 

Pyrana 

<7.0 

<0.78 

Chryaana 

<7.0 

<0.78 1 

Banzo(a) Anthracana 

<7.0 

<0.78 

Banzo(b) Ruoranthana 

<7.0 

<0.78 

Banzo(k) Ruoranthana 

<7.0 

<0.78 

Banzo(a) Pyrana 

<7.0 

<0.78 

Irtdano (1, 2, 3 • C, 0) Pyrarta 

<7.0 

<0.78 

Banzo (6, H, 1) Parytana 

<7.0 

<0.78 

(ShmtSafS) 1 

' Takan naar 1124-01, 2.0-2.5 ft. 1 

1 ^ Takan naar 1124-01, 14.0-14.5 ft. | 
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occurraice of fluorescence in flie coarse sands and gravds was observed, 
even \dien peak fluorescence occurred in finer-grained layers above and below 
fliese layers. The peak intensities were ol^erved above, at, and below flie 
water table. Tlie highest frequency of fluorescent peak intensity events 
occurred below the water table, and the fluorescent peak intensities oftoi 
appeared up to 20 ft below die water table elevation. Tables 6 and 7 summa¬ 
rize die laboratory analytical results obtained from the 4400 Area soil and 
groundwater samples. Appendix D contains detailed sampling information. 

In the southern end of die study area (near the cemetery) fluorescence (up 
to 500 counts) 1 ft below ground surface was observed during penetra¬ 
tions 1205-02 and 1205-03. A thin concrde surface was located at diat dqidi, 
and appeared to be part of an old foundation. A sample of die concrete was 
analy^ for TRPH, and the results indicated contamination of 6.0 parts per 
million (ppm). Fluorescence observed in nearby penetrations 1207-01, 
1207-02, and 1207-03 indicated possible points where surface contamination 
may have occurred. 

Elevated fluorescence levels (greater than 1(X) counts) were noted in pene¬ 
trations 1204-01 through 1204-03 just south of building 4468 near the fueling 
area, the washracks, and a buried waste oil storage tank. A more intense 
fluorescence response was noted in penetration 1124-01 down gradient from 
building 4468. In 1124-01 minor fluoresc^ice was noted at a shallow dq)th 
and a soil sample taken from a 2.0 to 2.5 ft dq)tb showed 3,500 ppm oil and 
grease and 2,700 ppm TRPH. A deeper sample taken Just adfove die level 
where a second fluorescrace peak was noted ^owed only 7.0 ppm TRPH but 
did show 27 ppm oil and grease. The area south and west of foe area around 
building 4468 shows indication of POL contamination and additional sampling 
near 1124-01 at a greater dqifo may produce samples with higher levds of 
TRPH than noted at 14-ft depfo. 

On foe east side of foe 4400 Area (near foe fence sqiarating foe 4400 Area 
from McGuire AFB) strong fluorescence was noted in penetration 1130-01 at 
dqifos ranging from 3.0 to 9.0 ft. Samples taken from soil near these hori¬ 
zons showed laboratory oil and grease concentrations ranging up to 3,500 ppm 
and laboratory TRPH concentrations up to 2,700 ppm. The maximum fluo¬ 
rescence was over 1,000 counts in a layer only 0.5 ft thick. A more typically 
occurring fluorescence is 150 to 200 counts wfoich would correspond to a 
predicted TRPH of 3,000-4,000 ppm. 

In foe area near McGuire AFB, Taxiway H (vicinity of 1130-05), there 
was an devated fluorescence signal (peaks to 200 counts) and insignificant 
laboratory evidence of POL contamination. Samples of water taken in foe 
zone with foe high count rate show a relatively high level of total organic 
carbon (35 ppm) but little TRPH (0.1 ppm). A sample of deicing solution 
used at McGuire AFB was obtained in order to see if a fluorescent dye might 
be appearing in foe groundwater (and soil) due to deicer spraying. No histori¬ 
cal records were made available, but indications of possible deicing activity in 
this area were vobaliy expressed. A deicing fluid fluorescence spectrum was 
taken ami compared with a groundwater fluorescence spectrum (Figure 20). 
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Rgure 20. Ruorescence from spectra of deicing fluid and groundwater 


The deicing fluid fluoresced significantly. No penetrations on die east side of 
the fmce showed elevated fluorescence levels that substantiated die high levels 
observed along the west side of die fence line, indicating that the fluorescence 
activity is limited to die west (Fort Dix) side of the fence. 

Elevated fluorescence was noted soudi of die Fort Dix Army Airfield 
Staging Area. Penetration 1203-03 shows fluorescence at ievds above 
200 counts. No other penetration in this area showed comparable Ievds of 
contamination. There is no general pattern that can rdate the drainage from 
the Airfidd Staging Area with POL contamination in this location. 

Strong fluorescence was noted near an oil/water sqiiarator between 
building 4431 and 4432. Penetrations 0116-02 and 0116-03 show devated 
counts at dqiths from 4 ft to 9 ft with the maximum count rate of over 1,000 
appearing in 0116-01 and a maximum coum of 200 appearing in 01164)2. 

Soil samples taken from a dqith of 6.8 to 7.2 ft near 01164)2 showed 
460 ppm oil and grease and 430 ppm TRPH. At a dqith of 7.4 to 7.8 ft die 
concratration of oil and grease rose to 8,200 ppm and the TRPH rose to 
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7,900 ppm. Saiiq)les from diese soils were used to develop curves for esti- 
mating die POL contamination from fluorescence as previously discussed. 

Figures 21 dirough 24 are the 4400 Area Motor Pool diree-dimmisional 
fluorescence Intmisity modelling visualizations. Each figure rqiresents one of 
four orientation planes and consists of rqiresentations showing both die high¬ 
est and lowest fluorescmice intensity levds for diat orientation plane. 

Four locations at the 4400 Area are identified as requiring further study. 
These are: 

a. The area immediately north of the cemetery near penetration 1207-01 
and 1207-02. Possible surface contamination is present at this location. 

b. The location south of b uilding 4468 and eastward toward 
poietration 1124-01. 

c. The location on the east side of 4400 Area near the McGuire AFB fence 
from penetration 1130-02 to 1203-03. 

d. The location between building 4431 and 4432 near penetrations 0116-01 
and 0116-02. 


5252 Boiler Plant 

The Building 5252 Boiler Plant (Figure 25) is located at the intersection of 
South Scott Stre^ and Maryland Avenue, near the Walson Army Hospital. 
This facility was constructed during the late 1960’s to provide heating steam 
to the hospital and a nearby barracks complex. It is fueled by No. 6 fuel oil, 
stored in underground tanks on the east side of the building. One spill of 
100 gal of No. 6 fuel oil was documented in 1990, and was cleaned iq> 
immediately. 

Expected groundwato- flow (based on previous studies and observations) is 
in a southwestwly direction. Local surface drainage moves in a westerly 
direction. 

Five penetrations (1105-03 tiirougb 1106-02) were located near the north, 
west, and south perimeters of the building sim. (Appendix E contains tiie data 
plates). No attenq)t was made to push on the east side due to underground 
utilities and mobility constnunts. The maximum dq>th reached was 28 ft. 
Dense sand layers wore encountered betwemi 10 and 20 ft below ground 
surface. Some pushes wo-e halted after 10 ft due to the dense sand. A higher 
variability in soil layering under this site was observed compared with the 
majority of the other sites visited. 

No fluorescence above normal background intensity was observed at this 
site. The record for praetration 1106-02 shows a small increase in 
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fluorescence at approximately 1-ft d^th, but this is due to li^t leaking into 
the sapphire window. Such leakage occurs at the surface during random 
pushes \^en the surface soil does not completely collique around the pu^ 
rod. This occurrence is immediatdy recognizable as being anomalous. 

Three pushes at this site extended below the water table. Hydrocarbon 
contamination from a surface spill should have been distinguishable during 
these penetrations. No evidence of contamination was observed at this site, 
based on the lasw-induced fluoromettf response. 


5326 Post Boiler Plant Area (Laundry) 

The Post Laundry Boiler Plant (buildings 5324 and 5326) is located near 
the intwsection of Recq>tion Street and Wrightstown Road (Figure 26). It is a 
relatively modem facility constructed in 1974. The Boiler Plant supplies 
steam to the adjacent laundry, and the boilers are fueled by No. 4 fod oil. 

The underground fuel tanks are locked on the east and south sides of the 
Boiler Plant. 

Two r^rted surface spills at the tank inlets released 30 gal of fiid oil 
between 1981 and 1987. A nearby surface drainage ditch was the potential 
receptor; surface water flow is to die east. Measured d^th to the water table 
was 8 ft below ground surface. A 300-gal No. 4 fuel oil tank overflow was 
rqiorted in 1987; t^proximately 3 dump truck loads of excavated soil were 
subsequendy removed from the site. 

Eight penetrations were completed at this site. Appendix F contains die 
data plates. The push points were located as closely as possible to the fuel 
tank inlets and adjacent to the drainage ditch. 

Most of the fluorescence observed at the site would be classed as low-levd 
responses (< 100 normalized counts). Only one horizon in 1117-02 showed 
pronounced fluorescence (600-f- counts). The strongest signal was the peak at 
7-ft dqith. The readings from the cone and sleeve strain gauges and audible 
response suggest the penetrometer rod passed through an abandoned sewer 
pipe (not indicated on utility drawings). 

Two soil and five groundwater samples were taken at this site. Water and 
soil samples were collected both from locations that showed fluorescence and 
those that did not. Table 8 summarizes die results of the analysis for TOC 
and TRPH. The water and soil samples collected at dq>ths near a fluorescent 
horizon (dqith of 30.8 ft) in penetration 1117-02 show^ relatively higher 
levels of TOC. None of the samples showed elevated levels of TRPH and 
even the samples that showed fluorescence did not show levels of TRPH that 
were above the conventional detection limits for TRPH (2.2 - 2.7 ppm for 
water and 25 ppm for soils). 
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Figure 22b. 4400 Area Motor Pool 3-D visualization, view 2 
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Figure 24a. 4400 Area Motor Pool 3-D visualization, view 4 
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Rgura 26. 5326 Post Boiler Plant Area (Laundry) site map 












1 Table 8 

1 Results of Laboratory Analysis 

1 Post Boiler Plant Area (Laundry! 

For TOC and TRPH for the 5326 
Samrdes 

1 Sampla 

P No. 

Total 

Organic 

Carbon 

Total 

RaoovaraUa 

Patrolaum 

Hydroearbona 

Loeation/Typa of Sampla 

1 29296 

27.0 

0.7 

Takan from horizon ahowing ito fluoraaoanoa 
watar aampla from naar 0208-05, 20 ft BGS 

1 29297 

43.0 

1.5 

Takan from horizon ahowing no fkioraacanco 
watar aampla from naar 0208-05, 20 ft BGS 

I 29298 

45.0 

<2.4 

Takan from horizon ahowiiHl iw fiuoraacanca 
water aampla from naar 0208-05, 20 ft BGS 

1 29295 

479.5 

<2.7 

Takan from fluoraacant horizon water aampla 
rwar 1117-02 at depth of 31 ft below tha 
aurfaca 

P 29299 

34.0* 

<2.2 

Takan from fluoraaoant horizon aa aaoortd 
watar aampla rtaar 1117-02 at depth of 31 ft 

P 29282 

1381.0 

<25.0 

Soil aampla collaetad rtaar 0208-05 at 

1.0 ft depth, rto fluoraseartca noted 

1 29281 

2778.0 

<25.0 

Soil aampla collaetad rtaar 11 < ^ ')2 at 

30.8 ft depth, fluoraaoanoa rto’.»c 

' Sampla was obtairtad by ra-antaring hola 
Dilution of tha pora watar by drainaga fr 

punched for aampla 29295. 
tm uphola reduced cortoantration. 


The penetration performed at 0208-05 showed no fluorescence peaks above 
approximately SO counts. A veriflcation sample of soil (collected at 2-ft 
d^th) and one of groundwater (from 20.5-ft depth) taken near 0208-05 show 
no TRPH above the conventional limits of d^ection. Levels of TCX^ were 
low and ranged from 27 - 45 ppm. 

A laboratory screening analysis for PAH compounds was undertaken and 
all of flie results were bdow conventional d^ection limits for flie compounds 
(Table 9). Appendix F contains details of the samples taken. 

The fluorescence screening and the laboratory chemical analyses of san^les 
do not indicate a widespread POL contamination. The TOC measuremrats 
made on water sample No. 29295 and the corresponding soil sample 29281, 
and the relatively low fluorescence intensities, indicate that organics, possibly 
degraded oil products (organic acids), are present on die site in the vicinity of 
1117-02. The adjacent penetrometer pushes (1117-03, 1117-04, and 0208-05) 
show no evidence of fluorescence. 
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Tables 

Results of Laboratory Analysis for PAH Compounds for the 

5326 Post Boiler Plant Area (Laundry) Samples 

Analyta 

ConMiitration, ppm | 

Sample No. 

29518' 

Sample No. 

29619* 

Naphthalana 

<0.86 

<0.76 

Aoanaphthylana 

<0.86 

<0.76 

Aeanaphthana 

<0.86 

<0.76 

Ruorane 

<0.86 

<0.76 

Phananthrana 

<0.86 

<0.75 

Anthracana 

<0.86 

<0.76 

Ruoranthana 

<0.86 

<0.75 

Pyrana 

<0.86 

<0.75 

Chryaana 

<0.86 

<0.75 

Ben 2 o(a) Anthracene 

<0.86 

<0.75 

Batt 2 o(k) Ruoranthana 

<0.86 

<0.75 1 

Banzo(a) Pyrana 

<0.86 

<0.75 1 

Irtdano (1, 2, 3 • C. D) Pyrana 

<0.86 

<0.75 1 

Banzo <G, H, 1) Perylana 

<0.86 

<0.75 1 

' Taken near 1117-02, 30.8-ft depth. | 

^ Taken near 0208-05, 1-ft depth. | 


5426 Boiler Plant 

Building 5426 Boiler Plant (Figure 27) is located at the intersection of 
Avenue C and South Scott Plaza. It consists of a boiler plant with three boil¬ 
ers fed by No. 6 Fuel Oil stored in outside above-ground tanks. One tank has 
a S()0,(X)0-gal capacity and is surrounded by a berm. The other tank is 
newer, holds 760,000 gal, and is also bermed. This plant is the largest of the 
four boiler plants supplying steam for the Cantonment area of Fort Dix, and 
was converted from a coal^wwered plant during the early 1950’s. 

Eight fuel spills have been documented between 1982 and 1985, totaling 
560 gal of fuel oil. Most of the spills were contained within the lined berms. 
Possible discharge to groundwater could have occurred but has not been veri¬ 
fied, based on spill documentation. The site elevation gratly dips toward 
Willows Pond, which is approximately 500 ft to the southeast of the plant. 
Probable local groundwater flow direction is to the southeast, toward the pond 
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Figure 27. 5426 Boiler Plant site map 






d^ression. Measured water table dq;)tb during the SCAPS visit was 18 ft 
below ground surface. 

A total of IS penetrations (1106^3 through 1109-03) were located around 
the perimeter of the plant and tank farm (Appendu G). Pmetrations 1106-03 
and 1106-04 were located adjacrat to the fuel loading facUity, at spots who'e 
the distressed grass cover indicated a possible spill. Typical dq)th of pen^a- 
tion was 30 ft bdow ground surface. A dense sand layw was encountered at 
^proximately 7 ft below ground surface on most of the pushes; this layer was 
not encountered on push 1107-04. It was suspected that the soil at 1107-04 
had been backfilled. 

An Organic Vapor Analyzer (Century Model 128 Foxboro Co., Foxboro, 
Massachusetts) was utilized to "snifT the holes after retraction of the push 
rods. No readings above a background value were observed. 

No fluorescence above normal background levels was observed during any 
of the penetrations. Neither the soil gas measurements nor the in situ fluores¬ 
cence showed POL contamination was present. 


5700 Area Motor Pool 

The 5700 Area Motor Pool (Figure 28) is located at the intersection of 
Fairfield Street and the Pemberton-Pointville Road. It consists of a fenced 
complex enclosing paved areas, a maintenance facility, two vehicle wash 
racks, an elevated vehicle service rack, and a fuel dispensing station with 
underground storage tanks. It was constructed during the early 1960*s, and 
remains operational. Construction of a security fence a few feet north of the 
motor pool fence was ongoing at the time of the SCAPS visit. The barracks 
area north of the 57(X) area is being modified as a federal prison. 

Soil borings done in 1963 (from construction drawings on file) indicated a 
dq)tb of 14 ft to the water table. At the time of the SCAPS visit, the water 
table surface was approximately 8 ft below ground surface. Probable ground- 
water flow direction is to the southeast. 

Fourteen penetrations were completed at this site (Appendix H). Penetra¬ 
tions 1029-01 through 1029-04 were located 19 ft north of the motor pool 
fence (adjacent to the wash racks and fuel station). These locations were in 
the path of the future federal prison outer fence line. Penetration 1029-05 was 
located west of Erie Street on the east side of the motor pool. The first four 
penetrations went to approximately 20 ft.below ground surface; a very dense 
soil layer was encountered at that depth and pushing beyond this depth was 
not attempted. No soil fluorescence above normal background was observed 
during any of these penetrations. 

Penetrations 0125-02 through 0126-05 were conducted inunediately south 
and southeast of the Motor Pool area, across Pointville Road and in the grass 
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medians. Slightly his^er background fluorescence (up to 100 counts) was 
observed in the soil on the south shoulder of Pointville Road. Such elevated 
fluorescence response is inferred to be indicative of asfdialt pavement con¬ 
struction hydrocarbon residue, including minor equipment fuel leakage spots. 
No evidmce of POL contamination at the 5700 Area Motor Pool was 
indicated. 


5800 Area Motor Pool 


The 5800 Area Motor Pool (Figure 29) is located south of the intersection 
of New Jersey Avenue and West 17th Street, and is south of the 5900 Area. 

It consists of a maintenance shop, a fuel station, vehicle washracks, an oil/ 
water s^arator, and an elevated vdiicle radc. The facility was buUt in die 
1960's. The surface elevation dips gently toward the south, and die probable 
groundwater flow is in a southerly direction (toward buildings 5881 and 
5891). 

A 10-gal diesel fuel spill was rqiorted in 1987, and the contaminated soils 
were immediately excavated. The Duck Pond south of the Incin^ator Build¬ 
ing 5891 was the potential recqitor of contaminated groundwater that mi^t 
have occurred from this event (USATHAMA 1992). 

Seventeen penetrations wo'e completed around the p^imeter fence at the 
Motor Pool (Appendix I). The majority of the penetrations were to a depth of 
30 ft below ground surface or to refusal ^etrations 0128-03 and 0127-05 
were aborted due to an unknown underground obstacle). 

Fluorescence (< 100 counts) was observed at locations on the west side of 
the Motor Pool penetrations 0129-03 through 0129-05). Soil samples were 
taken adjacent to penetration 0129-05. Relatively high TOC levels were noted 
in both soil samples from the 58(X) Area Motor Pool but no significant TRPH 
or PAH concentrations were detected in any samples (Tables 10 and 11). 
Fluorescence in the coarse matmal (gravel particles) was obsoved in pen^ra- 
tion 0129-05 at a depth of 9 ft at a wavelength of 520 nm. The soil sample 
taken at that dq)th did not contain significant TRPH or PAH concmitrations. 
X-ray diffraction was used to establish the mineralogy of the fluorescing 
granules in the coarse fraction of the soil. Examination with a petrognq)hic 
microscope was also undotaken to confirm the x-ray results. The granules 
were quartzite rock. The predominant mineral in the soil particles was deter¬ 
mined to be quartz (Figure 30). Trace amounts of sillimanite, hematite, and 
zircon were idso observed. Under ultraviolet light, the lab specimens fluo¬ 
resced with a visible blue color. Figure 31 shows the spectra obtained from 
non-fluorescing soil, soil containing the fluorescent mineral granules, and a 
sq)arate quartzite granule. The maximum fluorescence (325 counts) measured 
on the single granule centered at 440 nm, while the maximum fluorescence 
(150) from the mineral mixture in the soil was near 500 nm. 
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Table 10 

Results of Laboratory Analysis for TOC and TRPH for the 5800 

Area Motor Pool Samples 

Sample No. 

Total 

Organic 

Carbon 

ppm 

Total 

Raoovarabla 

Patrolaum 

Hydrooarbona 

ppm 

Location 

29286 (Soil) 

1905 

<25.0 

Next to 0129-05. 3 ft BGS 
ito fluoraaoanoa noted 

1 29284 (Soil) 

1347 

<25.0 

Next to 0129-05, 9 ft BGS 

Boil fluoreacaa 


Table 11 

Results of Laboratory Analysis for PAH Compounds for the 5800 
Area Motor Pool Samples 

1 

ConMntratlon. ppm | 

1 Analyte 

Sample No. 

29521* 

SamplaNo. I 

29523* 1 

g NaphthalarM 

<0.69 

<0.95 

1 Aoanaphthylana 

<0.69 

<0.95 

1 Aoanaphthana 

<0.89 

<0.95 

Fluorane 

<0.69 

<0.95 1 

PhananthrarM 

<0.69 

<0.95 

Anthraoana 

<0.69 

<0.95 

Fhioranthana 

<0.69 

<0.95 

Pyrene 

<0.69 

<0.85 

Chryaana 

<0.69 

<0.95 

Banzo(a) Anthraoana 

<0.69 

<0.95 

Banzo(k) Huoranthana 

<0.69 

<0.85 

Benzo(a) Pyrana 

<0.69 

<0.95 

1 Indano (1, 2, 3 - C, 0) Pyrana 

<0.69 

<0.95 

Banzo (G, H, 1) ParylarM 

<0.69 

<0.95 

' Taken from aampla No. 29284. 

^ Taken from aampla No. 29286. 

1 
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Figure 31. Fluorescent spectra 


Pure quartz typically does not fluoresce but varieties containing trace 
metals can fluoresce from blue-white to purple (Dake 1953). The longer 
wavelength fluorescence may be caused by other varieties of quartz or other 
mineral species the fluorometer encountered in this soil layer. The presence 
of fluorescmt minerals in the absence of hydrocarbons and PAH compounds 
indicate the fluorescence observed is not rdated to POL contamination. 

Penetrations 0127-04 and 0127-06 also indicate fluorescence (1^ than 
100 counts), but at a lower wavdength (<500 nm). Such a signature sug¬ 
gests that hydrocarbon contamination may be present approximately 5 ft below 
ground surface Qn a 1 ft thick soil lens) at these locations. No siinilar pattern 
was obsoved at any other location in this area. 
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5881 Boiler Plant and Incinerator 


The 5881 Boiler Plant (Figure 32) is located immediately south of the 5800 
Area Motor Pool. The Incinerator (Resource Recovery FacUity 5891) is 
located approximately 100 ft southeast of the 5881 Boiler Plant. Both facul¬ 
ties share common pavement areas, and the incinerator supplies steam to the 
boUer plant for supplemental steam during peak heating demands. The boUer 
plant was constructed in the 1950’s and was originally fueled by coal. Num- 
bo' 6 fud oU is presently used as fuel, and a storage tank has since been 
added whwe die coal storage yard used to be located. The Incinerator utilizes 
municipal and dry industrial wastes as fuel. Underground utilities are numo’- 
ous at this site. 

Fourteen fuel oU spUls have been documented as occurring bdween 1980 
and 1984. Minimum estimates indicate the spUls released 1,488 gal of fud oU 
onto the site. The potential receptor was the Duck Pond located to tiie south; 
probable groundwater flow is in a southerly direction (ICF Kaiser 1992). 

A hUly wooded area is located to the south and west of the complex. The 
physiogr^hy surrounding this site is unique for the sites visited at Fort Dix; it 
consists of de^ly eroded ravines covered with trees and vegetation similar to 
a typical eastern hardwood forest. The surface drainage feeding into the Duck 
Pood follows a rdativdy narrow streambed between the ste^ hillsides. 

Truck access to the alluvial streambed was not possible due to the steq) 
topography. 

Fourteen penetrations were completed wh^e accessibility permitted around 
the perimeter of buildings 5881 and 5891 (Appendix J). Fluorescence 
(< 1(X) counts) was noted during penetrations 1104-03 (33-ft d^tb) and 
1104-04 ^7-ft dq)th), which were located between buildings 5881 and 5891. 
Penetrations 0208-01 and 0208-02 were located as closely as possible to the 
previous penetrations (1104-03 and 1104-04) to determine if a contaminant 
pattern had developed; hydraulic ram refusal occurred at 10 ft and 12 ft, 
respectively. Neither penetration reached the fluorescent horizon seen in 
1104-03 and 1104-04. The fluorescence zppeared in a soil zone with an 
average thickness of 1 ft. 

Penetrations 0126-06,0126-07,0127-01 through 0127-03, and 0127-07 
were located in a wooded area approximately 2(X) ft southeast of the Incinera¬ 
tor Building 5891 and immediately south of a ste^ ravine. Fluorescence 
(< 1(X) counts) was observed during these penetrations, but the reflectance 
wavelengths were greater than 5(X) nm (atypical of POL product signatures). 
The presence of an old landfill or backfilled d^ris, approximately 6 ft below 
ground surface, is evidenced by the soil strength response of the cone and 
sleeve, and from visual clues. 

A sample was taken near penetration 0201-03 to examine the spectral 
character of the fluorescence observed in that penetration. Tables 12 and 13 
summarize the analytical results for TCX^, TRPH, and PAH values. The 
TRPH concentration was less than 24 ppm and the PAH concentrations 


Chapter 4 Raaulu arid Diacuaaion 


101 







Figure 32. 5881 Boiler Plant and Incinerator site map 









1 Table 12 

1 Results of Laboratory Analysis for TOC and TRPH for the 5881 

1 Boiler Plant Samples 

I Sampla No. 

Total 

Organic 

Carbon 

ppm 

Total 

Raoowarabla 

Patrolaum 

Hydrooarboiw 

ppm 

Location 

1 29285 (Soil) 

1720 

<25.0 

Next to 0201-02. 10 ft B6S 

Mineral fluoroaoanoo itotad. 


Table 13 

Results of Laboratory Analysis for PAH Compounds for the 5881 
Boiler Plant Samples 

Anaiyta 

Conoantradon, ppm | 

Sampla No. 29517' | 

Naphthalarta 

1 

Acanaphthylarw 

<0.71 

AcertaphthofM 

<0.7' 

Huorena 

<0.71 

1 PbonanthrorM 

<0.71 

H Anthraoana 

<0.71 

Fluoranthana 

<0.71 

Pyrano 

<0.71 

Chryaana 

<0.71 

Banaola) Anthracarta 

<0.71 

Baitzo(k) Ruorantharta 

<0.71 

Batuo(a) Pyrona 

<0.71 

Indano (1, 2, 3 - C, D) Pyrana 

<0.71 

Banzo (G, H, 1) Paryiana 

<0.71 1 

1 ^ Taken from sample No. 29285. | 


obsoved were less than 0.71 ppm. Detailed sample information is given in 
Appendix!. 

The soil samples were examined using x-ray diffraction and petrogr^hy in 
a mann er identical to that used with samples taken from the 5800 Area Motor 
Pool site Oocated ^proximately 250 ft northwest). The same mineral fluores¬ 
cence noted in the soil samples from 5880 site was noted in the sample from 
5881 site. 
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Based on the fluorescence spectra] pattens and lab analysis, fluorescence 
response, observed in penetrations 0126-06 through 0127-<^, 0127-07, and 
0201-01 through 0208-02, is a function of mineralogical composition. 

The two penetrations between buildings 5881 and 5891 (1104-03 and 
1104-04) indicate fluorescence responses at wavelengths lower than those 
observed in the above-listed praetrations. The fluorescence response was 
exhibited in finer-grained soil layo* less than 5 ft thick, and could possibly 
indicate evidence of con taminati on. Mineralogical conqwsition interferrace 
does not appear in these two penetrations. No evidence of any "plume” pat¬ 
tern was detected, based on the penetrations performed in this area; evidence 
of hydrocarbon contamination exists at penetrations 1104-03 and 1104-04. 
Furdier investigations within this area just off the pavement may be 
warranted. 


5900 Area Motor Pool 

The 5900 Area Motor Pool (Figure 33) is located north of the intersection 
of New Jersey Avenue and West 17th Street. It consists of a large fenced 
area enclosing maintenance shops, fuel stations, elevated vehicle racks, oil/ 
water separators, and wash racl^. The facility was built in the mid-1960’s, 
and total surface area is approximately 10 acres. The area is bounded by 
woods along the north and west sides, and surface elevation gently dips in a 
southerly direction. Approximate dq)th to water table was 15 ft, and the 
probable groundwater flow direction is to the south. A 30-ga] POL release 
was reported in 1989; remedial cleanup action was immediately taken. 

Penetrations 1030-02 through 1104-01 (18 total) were located along the 
north, west, and south perimeter of the 5900 Area (Appendix K). No pene¬ 
trations were attempted on the east side due to the presence of underground 
utilities and lack of accessibility. Typical depth of penetration was 20 ft 
below ground surface; a very dense sandy soil layer encountered at that 
approximate depth prevented deeper penetration. Penetration 1102-02 was 
aborted due to an accidental equipment shut-off; no data was archived for this 
event. 

No fluorescence activity above normal background levels was observed at 
this site. 


8100 Area Motor Pool 

The 8100 Area Motor Pool (Figure 34) is located in the training area at the 
intersection of Range Road and 80th Street, on the north side of Range Road. 
Building 8132 is iq)proximateiy 200 ft west, across Range Road. This area 
includes several full-service motor pools and vdiicle service areas. The motor 
pools contain maintenance areas, solvent recovery systems, vehicle washracks. 
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Figure 34. 8100 Area Motor Pool site map 








oil/water separators, and underiground storage tanks. The fenced complex of 
the 8100 Motor Pool has been constructed within the last 6 years (1987); it is 
a relatively new facility. Hie entire site is relatively flat, and is surrounded 
by drainage ditches. Catch basins and drainage structures intercut die surface 
flow from the pavement areas within the fenced complmi. Probable ground- 
water flow direction is to die southeast. No POL rdeases to soil, surface 
wato*, or groundwater have been rqwrted. 

The areas of concern for SCAPS investigations were the oil/wata- sqiara- 
tors adjacent to Range Road and the downgradient perimeter (southeast side) 
between the PBAS 83 Basin and 85di Street (off die ri^t side of die Fig¬ 
ure 34 site map). Due to die relatively high water table (approximately 8 ft 
below ground surface) the penetration dqiths were less dian 30 ft below 
ground surface. 

Ten penetrations were completed at this site (Appendix L). Penetra¬ 
tions 10Q8-OS and 1028-06 were located 10 ft from the fence, approximatdy 
20 ft south of an oil/water s^arator. The fluorescence observed in the top 
4 ft of penetration 1028-05 was found to be spurious. 0-ring lubricant had 
been liberally placed on the 0-rings located below die fluorom^er window 
and the oil had coated the soil in front of the fibo^ optic window. The O-ring 
lubricant was changed to a non-fluorescent brand, a^ the adjacent penetra¬ 
tion 1028-06 confirmed that the lubricant had caused die problem. The old 
O-ring lubricant was confirmed as not affecting data on previous penetrations 
(conducted at building 8132). 

Penetrations 0122-01 through 0123-01 (a total of 8 penetrations) were 
conducted adjacent to the two oil/water sqiaratore on die south side and the 
grassed area between the east fence and 8Sth Street. Typical dqidi was 30 ft 
bdow ground surface, and no fluorescence bdiavior above normal background 
level was observed. No soil samples were collected. 

Based on the absence of observed fluorescence activity from the number of 
penetrations performed around the 8100 Area Motor Pool, no evidence of 
hydrocarbon contamination was detected in either the soil or groundwater. 


8132 Hazardous Waste Storage Area 

The Hazardous Waste Storage Area (Figure 35) is located south of the 
intersection of Range Road and 80th Street, and consists of a single story 
brick building surrounded by new asphalt pavement. The 81(X) Area Motor 
Pool is located ^proximately 200 ft northeast, across Range Road. A chain 
link fence surrounds the pavement area, and a cleared perimeter between tiie 
fence line and tree line surrounds the site on three sides. Waste drums are 
stored inside die fenced site. Suriace water runoff flows to a low point in the 
pavement on the south side; the pavement is curbed around its perimeter. The 
ground surface outside the fence is generally flat. The ground surface on the 
south side of the facility has the lowest elevation and receives die surfrice 
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Figure 35. 8132 Hazardous Waste Storage Area site map 


runoff. Beyond the deared perimet^ is an established (10 to IS year old) 
Eastern Pine plantation that surrounds die facility on diree sides. 

The Hazardous Waste Storage Area was the first site chosen for the 
SCATS opmtion at Fort Dix. Deven penetrations were completed at diis 
she, and all were located in the cleared perimeter between the fence line and 
die tree line (Appendix M). The depth of penetrations averaged 
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approximatdy 30 ft below ground surface, and the water table surface was 
encounttfed q>proxiiDatdy 8 ft below the ground surface. 

The fluorescence initially obsoved during penetrations 1026-01 and 
1026-02 is due to ambirat light entering the push rod at die ground surface. 
The soil did not coll^se around the rod as the push was initiated. Low-levels 
of fluorescence (< 100 counts) wwe observed at a 20-ft dq)th in many of die 
penetrations on Ae site parametw. The lack of any pattern and die dqidi of 
the occurrence at 12 ft below the water table suggests the fluorometer 
response may not be due to POL contamination. Additional soil sampling 
may be warranted at this site to ascertain the source of fluorescence. 
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5 Summary, Conclusions, and 
Recommendations 


Summary 


Fort Dix site investigation/POL screening 

Thirteen s^arate sites at Fort Dix wo’e investigated using the SCAPS unit 
during a 12-wedt p^iod. These sites have been identified as Areas Requiring 
Environmental Evaluation (AREE), and the AEC tasked the WES to pe^rm 
SCAPS screening for possible subsurface POL contamination at each site, 
corrdlating with the SCAPS technology demonstration efforts. The truck- 
mounted laser-induced fluorometer (LIF) packaged with the convmtional cone 
penetrometer was utilized for this mission. The unit’s soil and groundwater 
sampling C 2 q)abilities wwe also employed. At locations where significant 
fluorometer response (i.e., possible POL contamination patterns) were exhib¬ 
ited by the LIF, samples were retrieved for subsequent laboratory analysis. 

No soil layers showing elevated fluorescence (indicating possible hydrocar¬ 
bon contamination) were observed at the following sites: 

S2S2 Boiler Plant 
5426 Boiler Plant 
5700 Area Motor Pool 
5900 Area Motor Pool 
8100 Area Motor Pool 

LIF signatures indicating possible contamination were detected at the fol¬ 
lowing sites; 

Bivouac Area 5 Washrack 

Fire Tank Training Area 

4300 Area Motor Pool 

4400 Area Motor Pool 

5326 Post Boiler Plant Area (Laundry) 

58(X) Area Motor Pool 

5881 Boiler Plant and Incinerator 

8132 Hazardous Waste Storage Area 
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SCAPS demonstration 


The WES SCAPS was successAiily demonstrated during the site investiga¬ 
tions at Fort Dix. The soil classification sensor (cone and friction sleeve) and 
the laser-induced fluorometer sensor p^formed well during each penetration 
event. The various subsystems ^robe decontamination, grouting, verification 
sampling, and buried obstacle detection) wore successfidly utilized. Data 
acquisition, processing, and site mapping techniques ensured successful intw- 
pretation, integration, and presentation of the sensor system results. 


Conclusions 


Fort Dix site investigation/POL screening 

Fluorescence intensities and pattons were examined for each of the eight 
sites that indicate possible POL contamination. Results of laboratory verifica¬ 
tion analyses on soil and groundwater samples v/ere reviewed in combination 
with the fluorescence signatures to d^rmine if POL co ntaminatio n was pres¬ 
ent. Slightly higber fluorescence intensities wo'e observed at the Bivouac 
Area S Washrack site and the 5326 Post Boilo* Plant Area (Laundry). Verifi¬ 
cation samples taken at these sites indicated TRPH concentrations less than 
25 ppm. It is concluded that, although the fluorescrace patterns indicate 
hydrocarbon contamination, the TRPH concentrations are likely too low to 
warrant further actions solely based on this investigation. 

Fluorescence intensities observed at the 4300 Area Motor Pool, the 
5800 Area Motor Pool, the 5881 Boiler Plant and Incinerator, and the 
8132 Hazardous Waste Storage Facility indicate the likelihood of threshold 
POL contamination in discrete soil layers under these sites. Verification 
samples were not taken at these sites. 

Fluorescence patterns and verification sampling demonstrate higher-level 
POL contamination (> 25 ppm) is present under areas of the Fire Tank Train¬ 
ing Area and the 4400 Area Motor Pool sites. 


SCAPS demonstration 

The demonstration of the WES SCAPS at Fort Dix provided additional 
insight into the capabilities of the system and challenges for improvement. 

All of the systems (from the laser induced fluorometer system to die grouting 
syston) performed successfully, as has been previously demonstrated at other 
investigation sites. The major factors in the WES SCAPS Fort Due demon¬ 
stration included the following items: 

a. Duration of investigation. The Fort Dix investigation was performed 
during a 12-week pmod (four times the length of previous SCAPS 
investigations). Winter weather hampered parts of the investigation. 
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b. Number of penetrations. The Fort Dix investigation entailed 321 pene¬ 
trations (including sampling). 

c. Soil and groundwater sampling. Vmficatioo samples were taken with a 
greats frequency than had been acconq>lished during previous investi¬ 
gations. Fifty-four soil and groundwater samples were retrieved with 
SCAPS samplers and analyzed in WES laboratories. 

d. Nature and extent of contaminant. The nature and extent of hydrocar¬ 
bon contamination encountered during previous investigations wae 
more homogeneous and could be more fully characterized dian that at 
Fort Dix, i.e. the use of SCAPS as a screening tool for contaminant 
detection played a bigger role at Fort Dix. The relativdy low-level 
POL contamination encountered at the Fort Dix sites presented chal¬ 
lenges to the design of the field operation including verification 
sampling frequency and locations. The lack of continuous vertical 
contaminant distribution caused difficulties in obtaining homogeneous 
soil and groundwater samples for calibration curve development. 

e. Interferences. This demonstration of the SCAPS provided additional 
examples of interferences which can affect the use of the laser-induced 
fluorometer as a detector of hydrocarbon or POL contamination. Bitu¬ 
mens and aromatic hydrocarbons are extremely strong fluorophores, and 
fluorescent minerals are rare in alluvial soils, so any prominent fluores¬ 
cent response in such soils will almost always be associated with hydro¬ 
carbon contamination, especially at investigation sites where the 
probability of hydrocarbon contamination is highest. However, fluores¬ 
cence responses due to other causes have been found in this, and 
earlier, demonstrations of the SCAPS system. These include; 

(1) Fluorescent dyes (e.g. fluorescene, rodamine) used as tracers or in 
antifreeze fluids. 

(2) Optical brighteners used in laundry detergents and found in s^tic 
system effluents. 

(3) Fluorescent minerals. At Fort Dix, pebbles of fluorescent quartzite 
were found in one soil layer. The fluorescence intensity was rela¬ 
tively weak. 

(4) Sunlight penetrating to the optical window of the probe, in the top 
few inches of the soil when the soil does not collapse around the 
probe. 

(5) Contamination of the iq)paratus due to use of a fluorescent lubricant 
on O-rings below the window (since discontinued). 

Many other substances, man-made and of biological origin, are known to 
be fluorescent under ultraviolet illumination. In each case, all available evi- 
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doice should be considered in idotifying is the most probaUe source of 
fluwescence found in soils. 


Recommendations 


Fort Dix site investigation/POL screening 

It is recommended diat further verification sampling be conducted at four 
locations within the 4400 Area Motor Pool where reladvdy hi^ fluorescence 
re^nse patterns were observed and/or contaminated soil sanq>les CTRPH 
>25 n>m) were recovered. The sites are listed below: 

a. The area immediately north of the cemetery near penetration 1207-01 
and 1207-02. Shallow POL contamination is possibly present at this 
site based on fluorometry. 

b. The location south of building 4468 and eastward toward penetra¬ 
tion 1124-01. Higher fluorescence (iq) to 100 counts) at 1204-01 indi¬ 
cates POL may be present. 

c. The location on the east side of 4400 Area near die McGuire AFB fence 
near penetrations 1130-02 throu^ 1203-03. Contaminated soU has 
been recovered at diis point after the fluorometer indicated POL was 
present. 

d. The location between buildings 4431 and 4432 near penetra¬ 
tions 0116-01 and 0116-02. Contaminated soil was observed in sanqiles 
taken near the oil-water sqiarator. 

Additional sampling is also warranted along the nordiem boundary of the 
Fire Tank Training Area. Elevated fluorescence levds in penetration 1114-01 
and presence of hydrocarbon in soil and water samples indicates possible POL 
coidamination. 

Additional sanqiling and laboratory analysis are recommended near pene¬ 
trations 0127-04 and 0127-06 (approximately five feet bdow surfece) at the 
5800 Area Motor Pool. 

Additional sampling and laboratory analysis are recommended near pene¬ 
trations 1104-03 and 1104-04 (approximately 20 ft below surfece) at foe 
5881 Boiler Plant and Incinerator. 

Additional sanqtling and laboratory analysis are recommended near pene¬ 
trations 0112-01,0113-05, 0113-07 and 0113-02 through 0113-04 (3q)proxi- 
mately 15 ft below surfece) at foe 4300 Area Motor Pool site. 
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Additional saiiq)ling and laboratory analysis are reconunended along die 
perimettf of the 8132 Hazardous Waste Storage Area based on die persistent 
low-level fluorescoBce observed at diis site. 


SCAFS i^emonstration 

Recommendations for expanded capabilities at future sites to be investi¬ 
gated (screened) include: 

a. Cold weather operations reduce the efficiency of production and gready 
increase safety risks. Consider the inqiaa of cold weatho’ on cost and 
safety when scheduling SCARS operations. 

b. Data processing efficiency will be mcreased if eadi penetration evoit is 
surveyed in real time. A Global Positioning System (GPS) installed on 
die truck and integrated into the database management system is 
recommended. 

c. Improved grouting capabilities are required; specifically, improved high 
pumpability grouts which adequatdy seal penetration holes in all types 
of soils are needed. The grout used at Fort Dix will not be suited for 
sealing clay soils with hydraulic conductivities less than 1 x lO*’ cm/sec. 
It is recommended diat research into odier types of grouts be completed 
prior to a site investigation at a location with predominandy clay soils. 

d. Improved samplers for soil and groundwater are required. It is recom- 
moided diat enhanced sanqilers for retrieving saturated soil samples and 
larger-quantity (> 1 liter) groundwater samples be developed for use 
widi die SCAPS. 

e. It is recommended that standardized verification sanqiling protocols be 
established. Verificatkm samples are required to assure sensor calibra¬ 
tion and correlation to ountamintot concentrations. However, verifica¬ 
tion sampling substantially increases project costs and must be weired 
accordingly. At sites such as Fort Dix where the fluorescence intoisi- 
ties were rdadvely low-level, verification samples hdped confirm die 
sensitivity of the flwmmieter. A more robust sanqiling program would 
have limited the nunfoer of sites visited within the allott^ site investiga¬ 
tion timeframe at Fmt Dix. 

/ Additional researdi into the effects of fluorometer response as a func¬ 
tion of soil matrix is recommended. Such effects become more critical 
when soil matrix effects potemially mask low-level contamination fluo¬ 
rometer response. 

g. Additional research into the effects of interferences on die fluorometer 
response is recommended. The interactions of the soil matrU, mintfal 
conqiounds that fluoresce, d^rading hydrocarbon compounds, and 
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biological processes must be better understood to ensure that site char¬ 
acterization and screening procedures are accomplished in as cost effec¬ 
tive a manner as possible. 

h. Analysis of the effects of the independent variables on fluorometer 
response (referenced in items/and g above) should not be limited to die 
maximum amplitude and wavelength verifies. The entire spectrum of 
fluorometer response should be analyzed. 
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Bivouac Area 5 Washrack 


Appendix A Bivouac Area 6 Waahraok 


A1 



1 Verification Sample Information Bivouac Washrack || 

Sample No. 

29S17 

29527 



Type 

Soil 

Soil 



Lab Method 

8270 

8270 



TRPH,ppm 


— 



Other, ppm 

PAH-Table 3 

PAH-Table 3 



Easting, ft 

2023159 

2023187 



Northing, ft 

427887 

427903 



Elevation Range 
ft MSL 

105-106 

89-90 



Sample 

Ruorascad? 

No 

Yes 



Maximum 

Intensity, counts 

0 

107 



Peak 

Wavelength, nm 

N/A 

478 



Nearest Probe 

0121-06 

0124-02 



Easting, ft 

2023158 

2023186.8 



Northing, ft 

427886.1 

427902.6 



Offset from 

Sample, ft 

2 

2 



Soil 

Classification at 
Sample Elevation 

Sand 

Sand/Silt 



Intensity Range 
counts 

0 

25-175 



Peak 

Wavelength, nm 

N/A 

510 





(Continumd! 


TRPH - Total Recoverable Petroleum Hydrocarbons. 
PAH K Polynuclear Aromatic Hydrocarbons. 

TOC Total Organic Carbon. 

OG « Oil arKl Grease, 
ppm •• parts par million. 

Lab Method « USEPA SW-846, 1984. 
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^Verification Sample Information Bivouac Washrack (C 

oncluded) 

Semple No. 

29292 

29280 


29290 

Type 

Water 

Soil 

Water 

Soil 

Lob Method 

418.1/415.1 

418.1/415.1 

418.1/415.1 

418.1/415.1 

TRPH,ppm 

<0.5 

<25 

<0.5 

<25 

Other, ppm 

23 (TOC) 

1613 (TOC) 

275.5 (TOC) 

1802 (TOC) 

Easting, ft 

2023141 

2023159 

2023164 

2023141 

Northing, ft 

427799 

427888 

427854 

427798 

Elevation Range 

II ftMSL 

96-97 

105-106 

89-90 

88-89 

Sample 

Fluoresced? 

No 

No 

Yes 

Yes 

Maximum 

Intensity, counts 

0 

0 

107 

48 

Peak 

Wavelength, nm 

577 

N/A 

478 

501 

Nearest Probe 

0123-02 

0121-06 

0123-03 

0123-02 

Easting, ft 

2023140.5 

2023158 

2023164 

2023140.5 

Northing, ft 

427798 

427886.1 

427853 

427798 

Offset from 

Sample, ft 

2 

2 

2 

2 

Soil 

Classification at 
Sample Elevation 

Sand 

Sand 

Silt 

Sand 

Intensity 

Range counts 

0-50 

0 

25-175 

0-50 

Peak 

Wavelength, nm 

520 

N/A 

440 

520 

TRPH * Total Reco 
PAH > Polynuclea 
TOC > Total Orga 
OG Oil and Gre 
ppm ^ parts per n 
Lab Method - USE 

verable Petroleum 
AronMtic Hydroca 
nic Carbon. 

sse. 

lillion. 

PA SW-846, 1984. 

■lydrocarbons. 

rbons. 
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Bivouoc Area 5 Woshrocks 
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Verification Sample Information Fire Tank Training Area 


1 '' “ ' 

I Sampla No. 

26942 

26810 

26811 

29620 1 

1 TVP* 

Soil 

Soil 

Soil 

- 

Lab Method 

418.1/413.2 

418.1/413.2 

418.1/413.2 

418.1/413.2 

TRPH,ppm 

<2S 

<25 

<25 


Other, ppm 

3 (OG) 

<25 (OG) 

30 (OG) 

PAH-Table 5 

Easting, ft 

2013801 

2013843 

2013693 

2013773 

NortNng, ft 

432S39 

432533 

432572 

432539 

Elevation Range 
ft MSL 

129-130 

114-115 

116-117 

130-131 

1 Sample 

1 Fluoresced? 

Yes 

Yes 

Yes 

No 

1 Maximum 

Inteitsity, counts 

11 

42 

27 

0 

Peak 

Wavelength, nm 

500 

439 

500 

566 

Nearest Probe 

1110-03 

1110-05 

1114-02 

1110-02 

Easting, ft 

2013799.6 

2013842.2 

2013692.5 

2013772.1 

Northing, ft 

432538.1 

432532.6 

432571.3 

432547.1 1 

Offset from 

Sample, ft 

2 

2 

2 

2 1 

Soil 

Classification at 
Sample Elevation 

Sand 

Silt 

Ssixl 

Sand II 

Intensity Range 
counts 

0 

0-200 

0 

0-10 

Peak 

Wavelength, nm 

N/A 

490 

N/A 

550 

TRPH - Total Reco 
PAH Polyriucleai 
TOC V Total Orgai 
OG » Oil and Grei 
ppm m parts per m 
Lab Method - USE 

verable Petroleum Hydrocarbons. 
Aromatic Hydrocarbons, 
lie Carbon. 

ISO. 

lillion. 

PA SW-846. 1984. 

1 

1 fShmat fcf3J | 
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Verification Sample Information Fire Tank Training Area 
(Continued) 


1 Sample No. 

29291 

29293 

29283 

29287 1 

fl Type 

Water 

Water 

Soil 

Soil_1 

1 Lab Method 

418.1/41S.1 

418.1/415.1 

418.1/415.1 

418.1/415.1 1 

1 TRPH, ppm 

0.7 

0.1 

<25 

<25 

Other, ppm 

42 (TOC) 

34 (TOC) 

2842 (TOC) 

11237 (TOC) 

Eesting, ft 

2013801 

2013801 

2013773 

2013801 

Northing, ft 

432S39 

432539 

432548 

432539 

Elevation Range 
ftMSL 

111-112 

120-121 

130-131 

110-111 

Sample 

Ruoreeoed? 

No 

No 

No 

Yea 

Meximum 

Inteneity, counts 

0 

0 

0 

2 1 

Peak 

Wavelength, nm 

403 

585 

566 

575 1 

Neareet Probe 

1110-03 

1110-03 

1110-02 

1110-03 

Easting, ft 

2013799.6 

2013799.6 

2013772.1 

2013799.6 

Northing, ft 

432S38.1 

432538.1 

432547.1 

432538 

Offset from 

Semple, ft 

2 

2 

2 

2 

Soil 

Classification at 
Sample Elevation 

Clay 

Sand 

Sand 

Qay 

Intensity 

Range counts 

50-200 

0 

0-10 

50-200 

Peak 

Wavelength, nm 

490 

N/A 

550 

490 1 

TRPH ■ Total Reco 
PAH > Polynucleai 
TOC > Total Orgai 
OG > Oil arxi Grei 
ppm > parts per m 
Lab Method - USE 

verable Petroleum f 
Aromatic Hydroca 
lie Carbon. 

ise. 

illion. 

PA SW-846, 1984. 

lydrooaibone. 

rbons. 
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Verification Sample Information Fire Tank Training Area 
(Concluded) 

Sampla No. 

29624 



_1 


Soil 



1 

Lab Method 

8270 




TRPH,ppm 





Other, ppm 

PAH-Tabie S 




Easting, ft 

2013801 




Northing, ft 

432S39 




Elevation Range 
ft MSL 

110-111 




Sample 

Fluoresced? 

Yes 



1 

Maximum 

Intensity, counts 

2 



n 

Peak 

Wavelength, nm 

575 




Nearest Probe 

1110-03 




Eastiitg, ft 

2013800 




Northing, ft 

432538 



d 

Offset from 

Sample, ft 

2 




Soil 

Classifioetion at 
Sample Elevation 

aay 




Intensity 

Range counts 

50-200 




Peak 

Wavelength, nm 

490 



1 

TRPH - Total Reco 
PAH Polynucleai 
TOC ~ Total Orgai 
OG « Oil and Grei 
ppm ai parts per m 
Lab Method - USE 

verable Petroleum f 
Aromatic Hydrocai 
lie Carbon. 

■a*. 

lillion. 

PA SW-84e, 1984. 

hydrocarbons. 

rbons. 
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Fire Tank Training Areo 
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Fire Tank Training Area 

















Fire Tank Troining Areo 
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Fire Tank Troining Areo 
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Appendix 0 4400 Area Motor Pool 



I Verification Sampie information 
f 4400 Area Motor Pool 

_ 

Sainpto No. 

27876 

29294 

27493 

27492 1 


Water 

Water 

Concrete 

Soil_1 

Lab Method 

418.1/415.1 

418.1/415.1 

418.1 

418.1 1 

TRPH,ppm 

<0.S 

0.1 

6 

<25 1 

Other, ppm 

4.8 (TOC) 

35 (TOC) 


1 

Eaating, ft 

2017108 

2017671 

2017479.7 

2017733 1 

Northing, ft 

428365 

428421 

427239.9 

428229 

Elevation Range 
ftMSL 

121-122 

98-99 

143 

124-125 

Sample 

Huoreeced? 

YES 

NO 

YES 

YES 

Maximum 

Intanaity, counts 

14 

0 

24 

13 

Peak 

Wavelength, nm 

422 

585 

407 

415 

Nearest Probe 

0118-02 

1130-05 

1205-02 

1130-01 

Easting, ft 

2017107 

2017670 

2017479.7 

2017731.6 

NonNng, ft 

428364.1 

428420.4 

427239.9 

428228.2 

Offset from 

Sample, ft 

2 

2 

0 

2 

Soil 

Classification at 
Sample Elevation 

Sand/Gravel 

Sand 

Sand 

Sand/Silt 

Inteirsity Range 
counts 

0 

0-25 

0-450 

0-50 

Peak 

Wavelength, nm 

N/A 

410 

490 


TRPH ■> Total Reco 
PAH » Polynuclear 
TOC B Total Organ 
00 - Oil and Great 
ppm > parts per nw 
L«b Method - USE 

verable Petroleum Hydrocatbotts. 
Arorrtatic Hydrocarbons, 
ic Carbon. 

IS. 

Won. 

PA SW-846, 1984. 


□ 

1 (Shmtiafei H 
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1 Vorification Sample Informa 
H 4400 Area Motor Pool (Con 

tion 

tinued) 



P SamploNo. 

2S289 

29288 

31391 

31392 

Type 

Soi 

SoH 

So« 

soa 

Lab Method 

418.1/415.1 

418.1/415.1 

418.1/413.2 

418.1/413.2 

TRPH, ppm 

<25 

<25 

430 

7900 

Other, ppm 

1578(TOC) 

1256(T0C) 

460(0G) 

8200(0G) 

Eaeting, ft 

2017671 

2017671 

2016955 

2016955 

1 Northing, ft 

428421 

428421 

429110 

429110 

1 Elevation Range 

1 ftMSL 

120-121 

115-116 

118.4-118.8 

118-118.4 

1 Sample 

1 Fhioreeoed? 

YES 

YES 

YES 

YES 1 

H Maximum 

Intertaity, counts 

27 

12 

170 


Peak Wavelength 
(nanometers) 

478 

464 

429 

409 

Nearest Probe 

1130-05 

1130-05 

0116-01 

0116-01 

Easting, ft 

2017670 

2017670 

2016954.6 

2016954.6 

NortNrrg, ft 

428420.4 

428420.4 

429109.6 

429109.6 

Offset from 

Sample, ft 

2 

2 

2 

2 

Soil 

Classification at 
Sample Elevation 

aay 

Sand 

Sand 

Sand 

Intansity Range 
counts 

0 

0-100 

0-200 

200-800 

Peak 

Wavalength, nm 

N/A 

490 

410 

410 

TRPH ■> Total Reco 
PAH B Polyrtuclear 
TOC « Total Organ 
OG - Oil and Graai 
1 ppm ^ parts par mi 
y Lab Method « USE 

verable Petroleum 
Aromatic Hydroca 
ic Carbon. 

le. 

Ilion. 

PA SW-846, 1984 

Hydrocarbons. 

rboirs. 

. 
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Verification S 
4400 Area M 

ample Inform 
otor Pool (Co 

ation 1 

ntinued) | 

Sampio No. 

31381 

39392 

31393 

31394 1 

Typo 

Soil 

Soil 



1 Lab Mothod 

8270 

8270 

8270 

■■ " - -■ 

8270 

TRPH, ppm 





. Othor, ppm 

PAH-Tabla 7 

PAH-Table 7 

PAH-Table 7 

PAH-Table 7 

Easting, ft 

20169SS 

2016955 

2017733 

2017733 1 

Noithiitg, ft 

429110 

429110 

428229 

428229 1 

Elevation Range 
ftMSL 

118.4-118.8 

118-118.4 

125-126 

126-126.5 

Sample 

Fluoresced? 

YES 

YES 

YES 

YES 

Maximum 
Intensity, counts 

170 

517 

10 

.3. 

Peak 

Wavelength, rwn 

429 

409 

481 

444 

Nearest Probe 

0116-01 

0116-01 

1130-01 

1130-01 

Easting, ft 

2016954.6 

2016954.6 

2017731.6 

20177331.6 

Northing, ft 

429109.6 

429109.6 

428228.2 

428228.2 | 

Offset from 
Sample, ft 

2 

2 

2 

2 I 

Soil 

CIcssification at 
Sample Elevation 

Sand 

Sarxl 

Silt 

Silt 

Intensity Range 
counts 

0-200 

200-800 

0-200 

0-200 

Peak 

Wavelength, nm 

410 

410 

410 

410 

1 TRPH - Total Recoverable Petrolaurr 
PAH ■ Polyrtuclear Aromatic Hydros 
TOC > Total Organic Carbon. 

OG > Oil and Grease, 
ppm m psrts par million. 

Lab Mothod - USEPA SW-846, 198< 

Hydrocarbons. 

srbons. 

». 
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Appendix D 4400 ArM Motor Pool 





Verification Sample Information 
4400 Area Motor Pool (Continued) 


Sampt* No. 
Typo 


31393 

Son 


31394 

Soil 


31396 

Soa 


31396 

8oa 


y Lab Method 

418.1/413.2 

418.1/413.2 

418.1/413.2 

418.1/413.2 

y TRPH,ppm 

25 

3100 

1800 

2100 

1 Other, ppm 

IIO(OG) 

3200(00) 

1900(00) 

2200(00) 

1 Easting, ft 

2017733 

2017733 

2017733 

2017733 

1 Northing, ft 

428229 

428229 

428229 

428229 

I Elevation Range 
ftMSL 

127-128 

126-126.5 

122.7-123.2 

122-122.5 

Sample 

Fluoreeced? 

YES 

YES 

YES 

YES 

Maximum 

Intenaity, counts 

10 

132 

174 

158 

Peek 

Wavelength, nm 

481 

444 

409 

413 

Nearest probe 

1130-01 

113001 

113001 

113001 

Easting, ft 

2017731.6 

2017731.6 

2017731.6 

2017731.6 

Northirrg, ft 

428228.2 

428228.2 

428228.2 

428228.2 


Offoot from 
Somplo, ft 

Soil 

Claooifioation at 


Sample Elevation 

Silt 

Silt 

day 

aay 

Intensity Range 
counts 

0-200 

0-200 

200-210 

200-300 

Peak 

Wavelength, nm 

410 

410 

410 

410 


TRPH V Total Rocovorobla Potroloum Hydrooarboita. 
PAH m Polynucloar Aromatic Hydrocarbona. 

TOC - Total Orpanio Carbon. 

OG > Oil and Qroooa. 
ppm m parta por million. 

Lob Method > USEPA SW-846, 1984. 




Appendix D 4400 Area Motor Pool 


D5 










Verification Sample Information 
4400 Area Motor Pool (Contifujed) 


Samplo No. 

31336 

31394 

31397 

31398 1 

Type 

Son 

soa 

Son 


Lab Method 

8270 

8270 

8270 

8270 

TRPH,ppm 





Other, ppm 

PAH-Table 7 

PAH-Table 7 

PAH-Table 7 

PAH-Table 7 1 

Easting, ft 

2017733 

2017733 

2017S52 

2017552 

Northiitg, ft 

428229 

428229 

428081 

428081 

Elevation Rattge 
ftMSL 

122.7-123.2 

122-122.S 

133.3-133.8 

121.3-121.8 

Sample 

Fhiorasoad? 

YES 

YES 

NO 

YES H 

Maximum 

Intaneity, counts 

174 

132 

0 

170 I 

Peak 

Wavelength, nm 

409 

444 

596 

429 1 

Nearest Probe 

1130-01 

1130-01 

1124^1 

1124-01 1 

Easting, ft 

2017731.6 

2017731.6 

2017550.1 

2017550.1 1 

NortNng, ft 

428228.2 

428228.2 

428080.6 

428080.6 

Offset from 

Sample, ft 

2 

2 

2 

2 

Soil 

Classification at 
Sample Elevation 

aay 

aay 

Sand 

Sand 

Intensity Range 
counts 

200-210 

200-300 

0-100 

0-400 1 

Peak 

Wavelength, nm 

410 

410 

550 

440 \ 

TRPH « Total Reco 
PAH ■ Polynuclear 
TOC Total Organ 
OG > Oil artd Great 
ppm > parts per mi 
Lab Method - USE 

verable Petroleur 
Aromatic Hydror 
ic Carbon. 

le. 

Ilion. 

PA SW-846, 191 

n Hydrocarbons, 
sarbons. 

14 
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Appendix D 4400 Area Motor Pool 









Verification Sample Informi 
4400 Area Motor Pool (Coi 

ition 

iduded) 


Samplo No. 

31397 

31398 

29525 

29526 

Typo 

Sol 

Sol 

Sol 

SoB 

Lob Method 

418.1/413.2 

418.1/413.2 

8270 

8270 

TRPH,ppm 

7.0 

2700 



Other, ppm 

27(OG) 

3500(OG) 

PAH-TaUe 7 

PAH-Table 7 

Eeeting, ft 

2017552 

2017552 

2017671 

2017671 

Northing, ft 

428081 

428081 

428421 

428421 

Elevation Range 
ftMSL 

133.3-133.8 

121.3-121.8 

116-117 

120-121 

Sannple 

Huoreaoed? 

NO 

YES 

YES 

YES 

1 Maximum 

1 Intenaity, oounts 

0 

170 

12 

27 

Peek 

Wavalertgth, ran 

596 

429 

464 

478 

Neareet probe 

112401 

112401 

113005 

113005 

Easting, ft 

2017550.1 

2017550.1 

2017670 

2017670 

Northing, ft 

428080.6 

428080.6 

428420.4 

428420.4 

Offset from 

Sample, ft 

2 

2 

2 

2 

Soil 

Claasifioation at 
Sample Elevation 

Sand 

SaiKl 

Saixl 

Clay 

Intensity Range 
counts 

0-100 

0-400 

0-100 

0 

1 

1 Wavolongth, nm 

550 

440 

490 

N/A 

1 TRPH B Total Reco 
1 PAH > PolyiHidear 
1 TOC - Total Organ 
1 OG > OH and Greaa 
1 ppm - parts per ni 
1 Lab Method - USEI 

veraMe Petroleum 
Aromatic Hydroci 
c Carbon. 

le. 

Non. 

f>A SW-846. 198' 

Hydrocarbons. 

■rbons. 

1 . 
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4400 Areo Motor Pool 
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Appendix D 4400 Area Motor Pool 


4400 Area Motor Pool 










Appendix 0 4400 Ares Motor Pool 


D13 


'I'lOO Areo Motor Pool 


































Appendix 0 4400 Area Motor Pool 
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1 foot 0.3048 meters 























4400 Areo Motor Pool 




















































Appendix D 4400 Area Motor Pool 
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4400 Areo Motor Pool 















































4400 Area Motor Pool 






















































Appendix D 4400 Area Motor Pool 
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Appendix 0 4400 Area Motor Pool 


1 foot 0.3048 meters 



























































4400 Area Motor Pool 
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Appendix D 4400 Area Motor Pool 












4400 Area Motor Pool 































Appendix 0 4400 Area Motor Pool 


D39 


4400 Area Motor Pool 





























Appendix D 4400 Area Motor Pool 


D41 


4400 Area Motor Pool 























4400 Area Motor Pool 
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Appendix 0 4400 Area Motor Pool 















Appendix 0 4400 Area Motor Pool 


D45 






















































Appendix D 4400 Area Motor Pool 


D49 









































Appendix 0 4400 Area Motor Pool 


4400 Area Motor Pool 





























Appendix 0 4400 Area Motor Pool 


D5S 


4400 Area Motor Pool 

























App«ndix 0 4400 Ar«a Motor Pool 


D57 


4400 Areo Motor Pool 













































4400 Areo Motor Pool 
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Appendix D 4400 Area Motor Pool 


4400 Areo Motor Pool 











































Appendix D 4400 Area Motor Pool 


4400 Areo Motor Pool 



























































































Appendix D 4400 Ares Motor Pool 


D73 

























4400 Areo Motor Pool 
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Appendix 0 4400 Area Motor Pool 





































D78 


Appendix D 4400 Anm Motor Pool 





































App«ndix D 4400 Araa Motor Pool 


D81 











































4400 Areo Motor Pool 






























Appendix 0 4400 Area Motor Pool 


D85 

























Appendix D 4400 Area Motor Pool 


D87 
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Appendix 0 4400 Area Motor Pool 


4400 Areo Motor Pool 
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Appendix D 4400 Area Motor Pool 


4400 Areo Motor Pool 


















Appendix D 4400 Area Motor Pool 


D93 


























Appendix 0 4400 Area Motor Pool 


4400 Area Motor Pool 






















4400 Areo Motor Pool 






















Appendix 0 4400 Area Motor Pool 


D99 
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Appendix 0 4400 Area Motor Pool 


4400 Area Motor Pool 
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Appendix D 4400 Area Motor Pool 


4400 Areo Motor Pool 













Appendix 0 4400 Area Motor Pool 


D103 


4400 Areo Motor Pool 
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Appendix D 4400 Ares Motor Pool 


4400 Area Motor Pool 
















Appendix D 4400 Area Motor Poo) 
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4400 Area Motor Pool 



































Appendix 0 4400 Araa Motor Pool 


D107 













D108 


Appendix 0 4400 Area Motor Pool 


4400 Areo Motor Pool 



































Appendix 0 4400 Area Motor Pool 


Dill 
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Appendix D 4400 Area Motor Pool 




















Appendix 0 4400 Area Motor Pool 


D113 


4400 Area Motor Pool 



























































































Appendix 0 4400 Arts Motor Pool 


D119 


1 foot 0.3048 meters 
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Appendix D 4400 Area Motor Pool 

















Appendix 0 4400 Ar*# Motor Pool 


D121 






































Appendix D 4400 Area Motor Pool 


D125 




















Appendix D 4400 Area Motor Pool 


D127 




















App«n(ttx 0 4400 Ara« Motor Pool 


D129 


4400 Area Motor Pool 















D130 


Appandix D 4400 Araa Motor Pool 


4400 Area Motor Pool 











Appendix 0 4400 Aru Motor Pool 


D131 


4400 Area Motor Pool 










Appendix D 4400 Area Motor Pool 


4400 Area Motor Pool 
















Appendix D 4400 Area Motor Pool 


D133 


4400 Area Motor Pool 
































Appendix D 4400 Area Motor Pool 


Elavolion(fl.) = 126.56 1 lon/sq.ft = 0.958 bore 
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Appendix 0 4400 Area Motor Pool 


4400 Area Motor Pool 














Appendix E 
5252 Boiler Plant 


Appendix E 5252 BoHar Plant 






















































































Appendix F 

5326 Post Boiler Plant Area 
(Laundry) 


App«ndix F S326 Post Boiler Plant Area (Laur«drv) 


Verification Sample Information 

5326 Post Boiler Plant Area 

zn 

Semple No. 

29299 

29282 

29281 

29518 1 

Type 

Water 

Soil 

Sol 

Sol 1 

Lab Method 

418.1/415.1 

418.1/415.10 

418.1/415.1 

8270 1 

TRPH, ppm 

<2.2 

<25 

<25 

1 

Other ppm 

34(TOC) 

1381(TOC) 

2778rrOC) 

PAH-Table9 1 

Easting, ft 

2012524 

2012544 

2012524 

2012524 1 

Northing, ft 

434197 

434232 

434197 

434197 1 

Elevation Range 
ft MSL 

109-110 

138-139 

109.2-110.2 

109.2-110.2 1 

Sample 

Pluoreeoed? 

NO 

NO 

YES 

YES 

Maximum Intensity 
counts 

0 

0 

6 

6 

Peak Wavelength 
(rMnometars) 

585 

585 

550 

550 

Nearest Probe 

1117-02 

0208-05 

1117-02 

1117-02 H 

Easting, ft 

2012522.1 

2012542.3 

2012522.1 

2012522.1 1 

Northing, ft 

434195.6 

434230.5 

434195.6 

434195.6 1 

Offset from 

Sample, ft 

2 

2 

2 

2 

Soil 

Classification at 
Sample Elevation 

aay 

Silt 

aay 

aay 

Intensity Range 
counts 

10-25 

0 

0-10 

0-10 

Peak 

Wavelength, nm 

490 

585 

550 

550 

TRPH ■ Total Racov 
PAH •• Polynuclear > 
TOC o Total Organic 
OG - Oil artd Grease 
ppm B parts per nxll 
Lab Method - USEP 

arable Petroleum 
krorrMtic Hydroca( 
Carbon. 

1 . 

on. 

A SW-846, 1984 

hydrocarbons. 

rbons. 







fstt0ttro/3j 
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Appendix P 5326 Poet Boiler Plent Aree (Leuitdry) 






1 Verification Sample Information 

1 5326 Post Boiler Plant Area (Continued) 



1 Sample No. 

29296 

29297 

29298 

29295 

1 

Water 

Water 

Water 

Water 

1 Lab Method 

418.1/415.1 

418.1/415.1 

418.1/415.1 

418.1/415.1 

1 TRPH, ppm 

0.7 

1.5 

<2.4 

<2.7 

1 Other, ppm 

27(TOC) 

43(TOC) 

45(T0C) 

479.5(TOC) 

1 Eaeting. ft 

2012544 

2012544 

2012544 

2012524 

1 NortNng, ft 

434232 

434232 

434232 

434197 

II Elevation Range 

1 ftMSL 

119-120 

119-120 

119-120 

109-110 

P Semple 

II Fhioreeeed? 

YES 

YES 

YES 

NO 

D Maximum Intenaity 
y counte 

1 

1 

1 

0 1 

1 Wavelength, iwn 

576 

576 

576 

585 1 

Neareet Probe 

0208-05 

0208-05 

0208-05 

1117-02 1 

Eaeting, ft 

2012542.8 

2012542.8 

2012542.8 

2012522.1 1 

Northiitg, ft 

434230.5 

434230.5 

434230.5 

434195.6 1 

Offaet from 

Semple, ft 

2 

2 

2 

2 

Soil 

Oaeaifioation at 
Sample Elevation 

Sand 

Saixl 

Sand 

aey 

Intenaity Rairge 
oounta 

0 

0 

0 

0-10 

Peak 

Wavelength, nm 

580 

580 

580 

550 

TRPH B Total Reoov 
PAH - Polynuclear 
TOC m Total Organic 
OG > OH and Greaae 
ppm > parte per mUN 
Lab Method - USEP 

■rable Petroleum 
kromatic Hydrocai 
Carbon. 

on. 

A SW-846, 1984. 

Hydrocarbona. 

borta. 


J 

1 (SAoerSars; 1 


Appendix F 5326 Poet Boiler Plant Aree (Laundry) 


F3 







1 Verification Sample Information 

1 5326 Post Boiler Plant Area (Concluded) 



1 Sampla No. 

29519 




1 

Son 



1 

1 Lab Method 

8270 



1 

1 TRPH,ppm 




1 

1 Other, ppm 

PAH-TaUe 9 



1 

1 Easting, ft 

2012544 



1 

Northing, ft 

434232 




Elevation Range 
ft MSL 

138-139 




Sample 

Huoreeced? 

NO 




Maximum Intensity 
counts 

0 




1 

Wavelength, nm 

580 




Nearest Probe 

0208-05 




Easting, ft 

2012542.8 




1 Northing, ft 

434230.5 




H Offset from 

It Sample ft 

2 




I 

H Classification at 

II Sample Elevation 

Silt 




H Intensity Rartge 

II counts 

0 




1 Peak 

1 Wavelength, nm 

580 




TRPH m Total Recov 
PAH > Polynuclear 
TOC m Total Orgaitic 
OG ■ Oil ar«d Grease 
D ppm s parts per milk 
1 Lab Method - USEP 

arable Petroleum 
irontatic Hydrocai 
Carbon. 

. 

on. 

A SW-846. 1984 

Hydrocarborw. 

bons. 



1 ISbaarda/S; | 


F4 


Appendix F 5326 Post Boilsr Plant Area (Laundry) 








5326 Boiler Plant (Post Loundry) Area 





































Appendix F 5326 Poet Boiler Plent Aree (Leundry) 


F7 


5326 Boiler Plant (Post Laundry) Area 




















5326 Boiler Plant (Post Loundry) Area 
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Appandix F 5326 Post BoHar Plant Araa (Laundry) 


5326 Boiler Plant (Post Loundry) Area 
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Appendix F S326 Post Boiler Plant Area (Laundry) 


5326 Boiler Plont (Post Loundry) Area 





































Appendix G 
5426 Boiler Plant 


AppcfKiix 6 8426 BoNcr Plant 





















5426 Boiler Plont Areo 


















































Appendix G 5426 Boiler Plent 


G7 


5426 Boiler Plont Area 
















































5426 Boiler Plont Areo 
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Appendix G 5426 BoNer Plant 









5426 Boiler Plont Areo 













G14 


Appendix G 5426 Boiler Plarrt 














5426 Boiler Plont Areo 













Appendix H 

5700 Area Motor Pool 


Appendix H 8700 Area Motor Pool 

















Appendix H S700 Area Motor Pool 


H3 


Northin 9 (ft.) * 425131.00 
Elevation(ft.) = 135.00 





































NorthingCft.) = 425221.00 
El«volion(rt.) = 135.00 








































































































H12 


Appandix H 5700 Araa Motor Pool 

















Appendix H S700 Ares Motor Pool 


H13 


Northing(ft.) = 425065.69 1 ton/sq.ft « 0.958 bors 

Elevotion(ft.) = 134.46 
















H14 


Appendix H 5700 Area Motor Pool 


Elevotion(ft. 













Appandix H S700 Area Motor Pool 


H15 


Northing(fl.) = 425115.87 
Elavolion(ft.) = 132.06 











Appendix I 

5800 Area Motor Pool 


Appendix I 6800 Area Motor Pool 



Verification Sample Information 
5800 Area Motor Pool 


Sample No. 

29286 

29284 

29521 

29523 

Type 

Soil 

Soil 

Soil 

Soil 

1 Lab Method 

418.1/415.1 

418.1/415.1 

8270 

8270 

1 TRPH,ppm 

<25 

<25 



1 Other, ppm 

1905a0C) 

i347rroc> 

PAH-Table 11 

PAH-Table 11 

y Easting, ft 

2011794 

2011794 

2011794 

2011794 

II Northing, ft 

424014 

424014 

424014 

424014 

1 Elevation Range 
ftMSL 

153-154 

147-148 

147-148 

153-154 

Sample 

nuoresced? 

NO 

YES 

YES 

NO 

Maximum Intensity 
counts 

0 

28 

28 

0 

Peak 

Wavelength, nm 

594 

464 

464 

594 

Nearest Probe 

0129-05 

0129-05 

0129-05 

0129-05 

Easting, ft 

2011792.6 

2011792.6 

2011792.6 

2011792.6 

Northing, ft 

424012.6 

424012.6 

424012.6 

424012.6 

Offset from 

Sample, ft 

2 

2 

2 

2 

Soil 

Classification at 
Sample Elevation 

Sand 

Sand/Gravel 

Sand/Gravel 

Sand 

Intensity Range 
counts 

0 

90-100 

90-100 

0 

Peak 

Wavelength, nm 

590 

520 

520 

590 

TRPH s Total Recoverable Petroleum 
PAH <B Polynuclear Aromatic Hydroca 
TOC > Total Organic Carbon. 

OG - Oil and Grease, 
ppm « parts per million. 

Lab Method « USEPA SW-846, 1984 

Hydrocarbons. fl 

rbons. | 
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Appendix I 5800 Area Motor Pool 








5800 Areo Motor Pool 

































5800 Area Motor Pool 





























5800 Area Motor Pool 































Appendix I S800 Area Motor Pool 


19 


5800 Area Motor Pool 

































Appendix I 5800 Area Motor Pool 


111 















































































Appendix I 6800 Area Motor Pool 


115 
















116 


Appendix I 5800 Area Motor Pool 

















Appendix I 6800 Area Motor Pool 


117 


















Appendix J 

5881 Boiler Plant and 

Incinerator 


Appendix J 5881 BoHer Plant and Inoinarator 



Verification Sample Informal 
5881 Boiler Plant and Incine 

don 

rator 


— 

Sample No. 

29286 

29517 




Soil 

Son 



Lab Method 

418.1/415.1 

8270 



TRPH,ppm 

<25 




Other, ppm 

1720(T0C) 

PAH-Table 13 



Easting, ft 

2012061 

2012061 



Northing, ft 

423919 

423919 



Elevation Range 
ftMSL 

143-144 

143-144 



Sample 

Ruoresced? 

YES 

YES 



Maximum Intensity 
counts 

16 

16 



Peak 

Wavelength, nm 

422 

422 



Nearest Probe 

0201-03 

0201-03 



Easting, ft 

2012060 

2012060 



Northing, ft 

423918.1 

423918.1 



Offset from 

Sample, ft 

2 

2 



Soil 

Classification at 
Sample Elevation 

Sand/Gravel 

Sand/Gravel 



Intensity Range 
counts 

100-150 

100-150 



Peak 

Wavelength, nm 

520 

520 


_ 

TRPH B Total Recoverable Petroleum Hydrocarbons. 

PAH > Polynuclear Aromatic Hydrocarbons. 

TOC m Total Organic Carbon. 

OG « Oil and Grease, 
ppm - parts per ntillion. 

Lab Method - USEPA SW-846, 1984. | 
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Appendix J 5881 Boiler Plant and Incinerator 









Appendix J 5881 Boiler Plent erxl Irtoinerator 


5881 Boiler Plant Areo 






































Appendix J 5881 Boilar Plant and Inoinarator 


J5 


5S81 Boiler Plant Areo 










































5881 Boiler Plant Area 
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Appendix J 5881 Boiler Plent and Indr w tor 



















Appendix J S881 Boiler Plant and inoiitarator 


J11 
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Appendix J 5881 BoNer Plant and Ineinarator 




















Appendix J 5881 Boiler Plent end Inoineretor 


J13 


5881 Boiler Plont Areo 

































5881 Boiler Plont Area 




























5881 Boiler Plont Areo 















Appendix K 

5900 Area Motor Pool 


Appendix K 5900 Area Motor Pool 






















5900 Areo Motor Pool 






























Appendix K 5900 Area Motor Pool 


5900 Areo Motor Pool 
























































































Appandix K 5900 Area Motor Pool 


K11 


5900 Areo Motor Pool 
























App«ndix K 5900 Ar«« Motor Pool 


K13 


5900 Areo Motor Pool 

































Appendix K 5900 Area Motor Pool 


K15 

































Appandix K 6900 Area Motor Pool 


K17 
























Appendix L 

8100 Area Motor Pool 


Appendix L 8100 Area Motor Pool 


LI 

























L4 


Appwtdbc L <100 ArM Motor Pool 
















Appendix L 8100 Am Motor Pool 






































8100 Area Motor Pool 
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Appendix L S100 Aree Motor Pool 





























8100 Areo Motor Pool 



















Appendix M 

8132 Hazardous Waste Storage 
Area 


Appendix M 8132 Haxantous Waste Storan* Area 













8132 Hozordous Waste Building 

























Appendix M 8132 HaxerdoueWeeteStprege Are* 


M5 


8132 Hazardous Woste Building 
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Appcmfix M 8132 Hnurdotn Waste Storsgs Arss 


8132 Hozardous Woste Building 
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Appendix M 8132 Hezerdoue Waste Storage Area 
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